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ABSTRACT

In this second part, the computer programs for the calculation of
the single Jjet and the five-jet interaction regions are discussed in
detail. Input and running instructions are given and coarse grained
flow charts are presented. Completg.listings of the programs are also
given. | |

The program for the two-jet interaction problem is discussed only as

it deviates from the five-Jet program.



1. INTRODUCTION
The basic method used to calculate the single jet and the interaction
regions of two-and five jets has been described in Part I of this report.

Sample calculations have also been reported.

In this second part, the programs are discussed and running instructions

are provided.

In Séction 2, the program for calculating the single jet is presented.
A general description of the program is followed by specific input and
running instructions and by coarse grained flow charts. A listing of
the program is given in Appendix A.

In Section 3, the same information is furnished for the five-jet
interaction program. The program listing is given in Appendix B.

Finally, in Section 4, the deviations of the two-jet from the five-jet
interaction program are enumerated. For the two-jet program only input
instructions and a program listing (Appendix C) are given since the basic

program is essentially the same as that described in Section 3.



2. SINGLE JET PROGRAM

2.1 DESCRIPTION OF PROGRAM

2.1.1 THE DEPENDENT VARIABLES. As is described in Part I, the dependent
variables are represented by a column vector W with three elements. While
this notation is convenient for analytical treatment, for numerical work
one has to distinguish between the elements. Thus we write the transpose

of W in the form
wo=dw, W, W }
Wy W Wy

For computational purposes‘it is still more advantageous to use arguments

as follows:

w(M, J) J=1,2,3

wﬁere the first argument denotes the position along the arc (see Fig. l)
and. the second distinguishes the element.

2.1.2 CALCULATION PROCEDURE. Given the W vector at all points M along
the line L the values at L + 1 are calculated. In order to evaluate the
values a&sn, L + 1 we need the properties at L, M + 1 and M, as indicated
by the‘ghaaed area in Figure 1.

The calculation starts near the boundary and proceeds towards decreasing
M, i.e.; towards the axis. Referring to Figure 1 we notice that in general
the point M = M0, L + 1 cannot be calculated with the same procedures
since the jet boundary point is located at a different distance from the
point L, MO. The procedure chosen was as follows: First, the values of W

at two points L + 1, MO-1 and MO-2 were evaluated. Next, the new boundary



point at L + 1 was calculated according to the method described in Part I,
Appendix 2. Then the values of W at MO were obtained by quadratic inter-
polation.

On the axis all elements of W are zero (see Part I, Appendix l). The
gas dynamic variables at these points we obtained by quadratic interpolation
using the appropriate symmetry conditions.
2.1.3 CAILCULATION OF THE JET-BOUNDARY. The method used for the calculation
of the jet boundary has been discussed in Appendix 2 of Part I. In ordér
to calculate the pressure gradient normal to the jet boundary, the pressure
at a number of mesh points has to be available. Thus, these values were
stored along the six rays closest to the boundary and along five arcs L,
L -1, L -2, ete. In addition the values of Pon L + 1, MO - 1 and MO - 2
are available. From these values the pressures along the normals to the
boundary are interpolated and the pressure gradient calculated.
2.1.4 REFINEMENT OF MESH. The polar coordinate system is chosen such that
the jet boundary diverges less rapidly than the coordinates 6 = constant.
Therefore, mesh points are continuously lost on the boundary. Also, the
distance between the mesh points increases and the resoclution is consequently
decreased. Therefore, whenever the number of points along an arc decreases
below forty, rays are filled in halfway between the existing rays. Thus
the angle increment A@ is divided by two. The values of W at these new
mesh points are obtained by linear interpolation.

Care has been taken to take this subdivision into account in the storage
of the pressures near the boundary as described in the last section. This

necessarily complicates the program logic for this portion of the program.



2.2 INPUT DATA

The following data have to be given as input:

GAM constant ratio of specific heats.

Do angle increment between polar rays.

BK initial polar angle, measured from the axis to the boundary, divided
by D¢.

SR radius of the initial data arc.

X0 distance of the nozzle exit from the origin of the polar coordi-

nate system.

LAM1 reletive step size Ar/As for the first step. At subsequent steps
this_value is calculated.

FACTOR This is the safety factor for the step size; a value of 0.9 to 1.0

‘ yields stable calculation. If FACTOR is put equal to zero the cal-

A

. uses tggiconstént value LAM1 for the step size.
LL v'tétél umber ofgaics to be calculated.
ALP‘FJ Wfaqtgrlté;ﬁgigh% £he radii of curvature R° and Rl. It has to lie
befween 0.5 and 1.0, a value of 0.6 yields good accuraéy. The
following data govern the output print (see also Section 2.3):
IPRINT If this quantity is one, results are printed out in cylindrical
coordinates. If it is two the print out is in polar coordinates.
DELPNT interval between planes or arcs printed out.
FF ratio of DX/DY for print out in cylindrical coordinates.
In addition to these input constants the initial data have to be read into
the program. This input consist of the following properties:
i) Flow angle with respect to the polar coordinate system.
‘ ii) Total velocity.

iii) Pressure.



2.3 OUTPUT DATA

There are two options for the output: if IPRINT is put equal to one,
properties are interpolated on mesh points of a cylindrical coordinate
system. This data is printed and stored on tape for use in conjunction
with the jet interaction programs. On the other hand, if IPRINT is equal
to two, the gas dynamic propertiés are printed and stored on tape for the
actually calculated polar coordinates.

For print out in cylindrical coordinates the number of mesh points
across the jet width must lie between forty and eighty. The program auto-
matically determines the increment DY such that there are between 4O and 80
mesh points and the DY is a "reasonable" number, in the sense that it con-
tains a minimum number of digits. If the jet boundary diverges such that
more than 80 points would be needed in a cross plane, the program auto-
matically drops every second point and increased DY by a factor of two.
2.4 LIST OF PRINCIPL; SYMBOLS USED IN THE PROGRAM.

Dimensions used are indicated wherever applicable.

ALP averaging factor for radius of curvature.

ALFHA angle between line parallel to axis and boundary at L.
AN (30) storage array for D¢ values.

B (30) storage array for BK values.

BETA alpha for plane L + 1.

DELPNT print interval.

D¢ angular separation of rays in degrees.

DX distance between cylindrical planes.




DY

ENT

FACTOR

FM (3)

FPL (3)

GAM

II

TPRINT

mesh distance in cylindrical plane.
entropy.

the F functions of W.

safety factor, used in determining LAMI.
ratio between DX and DY.

F

’\).lh-NTb—

F

NT!——NT»—-

constant ratio of specific heats.

current polar arc being computed.

number of jet planes stored.

determines output in cylindrical or polar coordinates.
relative step size Ar/As.

number of polar arcs to be calculated.

grid point on jet arc.

numer of points on plane in cylindrical coordinates.
storage array of MO values.

no. of rays plus two from axis to boundary.

stores: Mach No., tan B2 and density respectively.
reference quantity for pressure locations.

angular distance from ray to axis.

pressure value on normal vector.

pressure value on normal vector.

storage array for pressure values.

radii of arcs where pressure is stored.

pressure gradient on normal to boundary.



Pr
Q(3)
Ql

QM (3)

QPL (3)

RH (30)

RH@

SR
THETA

THETC

UL

uve (3)

v

Vi

boundary pressure value.
the @ functions of W.

total velocity.

'T*-

Q

N

Q

T N
-

density at boundary.

density.

distance from boundary to location of pressure P2.
distance from boundary to location of pressure P3.
storage array of RR values.

distance of point from axis in cylindrical coordinates.
distance of polar arc to vertex.

radius of curvature of jet boundary.

center of difference scheme.

radius of initial data arc.

angle between axis and boundary point.

Theta plus angle between axis and pivot point.
boundary velocity in direction of jet axis.

vélocity component in direction of axis.

angle that determinates variable LAMI.

stores U, V velocities and pressure.

boundary velocity perpendicular to jet axis.

velocity component normal to jet axis.

W3D(3, 80) W storage array for cylindrical values.

WJ (100, 3)storage of jet W values.



WJET (30, 100,3) storage array for WJ values.

1
WM (3) W3,
—2
3
X0 distance from origin of polar coordinates to nozzle exit.
XB distance of plane in cylindrical coordinates.
YB Jjet radius.
YH (30) storage array of jet radius values.
Note: All lengths are made dimensionless with the nozzle exit radius.

2.5 OPERATING INSTRUCTIONS

The following instructions apply to the IBM 7094 - TOkL DCS computer

configuration.

2.5.1 RUN REQUEST. This request will in general contain the following

infofmation

i) Name of operator, date, etc.

ii) Identifying name for output tape.

iii) Time estimate. This depends on the number of polar arcs calculated.

As a rough estimate, one can assume that 75 arcs are calculated per
minute.
iv) Number of lines printed. As a guide, about 2500 lines may be assumed

to be printed for every minute of calculation.

2.5.2 CONTROL CARDS

i) One SETUP card is required for writing the output tape.
The tape drive used to load the tape must be specified on this card.
ii) An ATEND card will give a post-mortem dump if the run is terminated

by unusual conditions.
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iii) The EXECUTE IBJ¢B card selects the IBSYS monitoring system for loading
the binary deck.
iv) The IBJ¢B card uses ALTI@, a version 13 option, which requires fewer

cells for the I/O package.

2.5.3 BINARY DECK. The binary deck consists of the main program (MAIN) and

the following subroutines: WJJ, PRES, PROPWJ, WJET, PROP3D, JET, POLATE

and FILES. Thesé names appear in the appropriate binary deck, starting in

column T2.

2.5.4 DATA CARDS

1) An end of file card, with a 7 and 8 punch in colum one, or a $

DATA card (starting in column one) separates the binary deck from

the data cards.

ii) Two input cards (see Appendix A) are read as input, followed by the

initial data cards.



2.5 FLOW CHARTS FOR SINGLE JET PROGRAM

START
RESOLVE W VALUES
l —»{ INTO THEIR FLUID
PROPERTIES
READ INPUT
DATA PARAMETERS : 1
STORE UP TO 30
l JET PLANES OF
INFORMATTON
PRINT PRINT HEADER
SPECIAL AND VALUES OF INPUT T YES
LAST PAGE : - . .
COMPUTE DATA
No| FOR JET TAPE
YES IN CYLINDRICAL
SET UP INITIAL COORDINATES
HAS FINAL CONDITIONS
@—-— JET PLANE -
BEEN FOUND
CAICULATE FLUID
- PROPERTIES AT [
NO READ INITIAL " JET AXTS

DATA FOR FIRST
POLAR JET PLANE

NO
CALL SUBROUTINE 1 :

1A S ‘PRINT INITIAL DATA PRINT POLAR

Y [ ®| COORDINATES

CALCULATE YES

—b XAND Y
DISPLACEMENTS —

— WRITE JET TAPE

AND PRINT CAPTIONS
FOR CURRENT PLANE




NO

DETERMINE THE STEP

WANT .
> POLAR CONDITIONS . FSIZE o
| YES OF THE INITTAL PLANE
1 , e .
' WRITE JET TAPE AND B
, —{PRINT OUT PROPERTIES
i ' IS!NUMBER OF |YES
E FOR CURRENT PLANE C) STEP Sizps |— DOUBLE DY
GREATER THAN 80
. ! NO
CALCULATE W VALUES |
ey IN CYLINDRICAL :
COORDINATES -— CALL JET SUBROUTINE
(THIS ROUTINE TRANSLATES
CYLINDRICAL W VALUES ON
POLAR PLANES TO r—
A CYLINDRICAL PLANE)
. FIND DISPLACEMENT ;
| o NEXT PLANE WILL EE :
DOWNSTREAM (TLAMT ) ,
INTEREOLATE W'S AT
| JET BOUNDARY
- ? JET} = SHIFT UNUSEABLE
Y YES: @ o] DATA OUT OF JET
_POLAR COORDINATES . _.® I ARRAYS
IS THIS A DELPNT ’
NO PLANE ‘NO NO
CAN ANY MORE
! YES | XES CYLINDRICAL PLANES
HAVE ENOUGH JET PLANES BE CALCULATED WITH
BEEN CAIC e . EXISTI T D
A CYT Hm% TOPI aFImmD PRINT CYLINDRICAL [ ™ 1NG JET DATA
FLUII} PROPERTIES YES
NO -

773

®



ENTER WJJ
SUBROUTINE

START W COMPUTATIONS
AT THE BOUNDARY

COMPUTE PROPERTIES
OF W AT K-1,K, AND K+l

FIND PRESSURE VALUES
FOR SUBROUTINE PRES

CALCULATE W VALUES
IN SUBROUTINE WJJ

l

CALL PRES FOR
PRESSURE VALUES ON

THE NORMAL VECTOR

COMPUTE RADIUS
OF CURVATURE

l

FIND NEW PARAMETERS
FOR JET VALUES CONCERNED
WITH SPLITTING

YES
DOES JET PLANE

POLAR ANGIE CHANGE

T

FIND THE
BOUNDARY W VALUES

ol

DETERMINE BOUNDARY OF
NEXT PLANE

——

IS THIS THE FIRST
ATTEMPTED TO CALCULATE
THE RADIUS OF CURVATURE

YES




ENTER PRES
- SUBROUTINE

DETERMINE POLAR
DISTANCE TO POINT
ON NORMAL WHERE
PRESSURE IS TO BE FOUND

USE KNOWN PRESSURE
VALUES CLOSE TO BOUNDARY
THAT LIES ON RAYS

DETERMINE JET PLANES
THAT ARE CLOSE TO
POINT ON NORMAL VECTOR

IF POIAR PLANE SPLITS,
SELECT CORRECT PRESSURE
VALUES ON PLANE TO EE
USED IN THE CALCULATION

INTERPOLATE NEAREST
PRESSURE VALUES TO
POINT AIONG RAY

l

RETURN




ENTER PROPWJ
SUBROUTINE

‘ FIND THE
V, U VELOCTTY, DENSITY,
AND PRESSURE OF POLAR W

NO

NO

SOLVE FOR REMAINING
FLUID PROPERTIES

l

'STORE PROPERTIES |

DOESN=1 """ o

. _ YES RETURN WITH
DOES N = 3 ———"!  PRESSURE VALUE

COMPUTE F & Q
VALUES OF W

RETURN

IN F & Q ARRAYS




YES

COMPUTE
W'S AT S

'

SOLVE FOR

F&QAT WOF S

)

CAICULATE W'S
FOR NEXT PLANE

SET W VALUES
EQUAL TO ZERO




ENTER PROP3T
SUBROUTINE

\

RESOLVE JET'S
V VELOCITY COMPONENT

INTO 3-D V VELOCITY'S -

COMPONENT. THIS MAKES
3-D W VELOCITY'S
COMPONENT ZERO

I

CAICULATE :
CYLINDRICAL FLUID
PROPERTIES

!

CALCUIATE RELATIVE
ERROR IN COMPUTATIONS

1

PRINT JET PROPERTIES--

RETURN




ENTER JET
SUBROUTIN_E

l

INITTAL PASS FOR
FINDING W VALUE AT
SPECIFIC POINT

lms

FIND RAYS K1 AND K2

BE INTERPOLATED

THAT SURROUND POINT TO

:

DETERMINE DISTANCE
BETWEEN RAYS ON
CYLINDRICAL PLANE TO
WHERE POINT LIES

o )

IS JET VALUES

CIOSE TO BOUNDARY

‘ | YES l

INTERPOIATE BOUNDARY
VALUES IN ADDITION TO
VALUES ON RAYS

NO

NO CALCULATE W VALUE
" AT POINT
RETURN




TAKE SEQUENTIAL

VALUES FROM ARRAYS .

ENTER POLATE
SUBROUTTNE
InTERPOLATE | NO [ B8 | NTERPOLATE THREE
[ M=100 |___ o
ONE VALUE : W VALUES
YES
NO |

TAKE EVERY LTH
VALUE FROM ARRAYS

'YES
R = 0 {——1 LINEAR INTERPOLATION
'O l
: 1
QUADRATIC
INTERPOLATION || RETURN




3. FIVE-JET INTERACTION PROGRAM

3.1 DESCRIPTION OF PROGRAM

3.1.1 THE DEPENDENT VARIABLES AND THEIR STORAGE. The dependent variables
are represented by the elements of the column vector W as given in Part I,
Appendix 1. For the three-dimensional flowfield, W has 4 components. Thus,
using the notation of Section 2, we use subscripts to distinguish these

elements and write the transpose of W as

T
W = {Wl’ W2, w3, Wu}
The basic grid in a cross plane x = constant is shown in Figure 2A. At

each point M, N we have to store the four elements. Hence, similar to

the discussion in Section 2, we could use the three-dimensional array

W(J, M, N) J =1, 2, 3, &

However, since only an octant of the x = constant plane is calculated,
this would result in very inefficient use of available core storage.
Therefore, the vector W is stored as indicated in Figure 2B in two two-

dimensional arrays as follows:

Wl(M, N) = W13(M, N)

WE(M, N) = wek(M, N)
Wo(M, W) = W13(N, M)

Wu(M, N) = wal(N, M)

Thus, the first two elements are stored in two triangular regions of core

storage which are an exact image of the physical plane except for a




translation (see below). The last two elements, on the other hand, are
stored in the triangular region symmetric about the diagonal in the core
storage. Every point in the physical plane has thus two image points in
the core storage. In particular, this also applies to the auxiliary
points necessary for the application of the boundary conditions as dis-
cussed in Part I. This necessitates a translation of the field as indi-
cated in Figure 2B. The axis of the center engine (y = z = 0) is located
at M =5, N = 2. Only the small region M < 3, N < 3 and the diagonal
M = N are unused in the storage.

The interaction plane, y =D, during the two-jet interaction phase
is divided into Mo intervals. Hence, this plane translates into m' = M0 + 5
in the core storage.
3.1.2 EXPANSION OF THE THREE-DIMENSIONAL REGION. The two nearest jets
start to interact at the point M = M', N = 2 when the jets just touch each
other. As the single jets expand, the intersection of the jet boundaries
wanders along the'line M’ towards increasing N. This process governs the
expansion of the three-dimensional region in z-direction. The program tests
& each step whether a new mesh point will be swallowed by the three dimensional
flowfiel&fin the step about to be calculated. If this is the case the area
is enlarged such that all the necessary auxiliary points are available for
the calculation in a manner described in Part I.

The three-dimensional region also grows in y-direction from the inter-
action plane towards the center line of the center engine. This growth
is determined by comparing the values calculated with the three-dimensional
program with those obtained by interpolation of the single jet values at

the corresponding points. If the two values differ by more than a small
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pércentage C, the point is considered to be inside the three-dimensional

1
region and a new row M = constant is added as auxiliary (or boundary)
points with values obtained by interpolation from the single jet results.
When the three-dimensional region reaches the diagonal z = y, five-
Jjet interaction begins. At that moment the flow remains no longer symmetric
about M’. Therefore, the three-dimensional region is extended into the
region M > M"by reflection. The three-dimensional région then is allowed
to grow in direction of‘increasing aé well as decreasing M. The growth
towards increasing M is again governed by testing the calculated three-
dimensional values against interpolated single jet values. The tolerance
for this growth, 02, can he chosen different from Cl.
No provisions have been made in the program tc allow the Jet boundaries
to contract. If the calculations are carried too far downstream that the
single jet boundary starts to converge towards thé axis, the calculation
stops.
3.1.3 REFINEMENT OF THE MESH SIZE. It may be desirsble to use a smaller
mesh size in the early stages of the two-jet interaction zone. This can be
done by»simply specifying the number of planes to be calculated with the
refiﬁedf@esh. The number of these planes is denoted by JUMPl1. If JUMPLl is
given a nonzero input value, the program proceeds as follows: The mesh size
Ay = Az is divided by two by shifting the interaction plane in the core
storage from M’ = M, +5 to M" =M+ M, as indicated in Figure 3. However,
in the print out the values along the interaction plane are still labeled
as M = M'and N. Those at y =D - Ay/2 are labeled as M’ - 1, N, etc. Thus

there is a one-to-one correspondence between core storage and grid points,

independent of the refinement. However, the actual step size used is



printed at the top of each plane print out.

If the specified number of planes has been calculated with the refined
mesh, the program automatically drops every second point and shifts the
values to the appropriate locations corresponding to the unrefined input
data.

If the number of planes JUMP1l is chosen so large that the interaction
region reaches the diagonal before the specified number of planes is
calculated, the program automatically enlarges the mesh as discussed
above. Subsequently it reflects the flowfield about the interaction plane
as discussed in Section 3.1.2.

Finally, the meximum number of M is 80; thus M < 4. ©Now, if M is
chosen close to that value and still a refined mesh is to be used, then
clearly the shifting in core storage described above is not possible.

In tﬁis;Casa;the pﬁ@éram calculates the two-jet interaction region in the

same;fashion as wiﬁh}the regular mesh size but with Ay = Az half the regular

vai&é:i In this‘c;;:T £$wever, the calculation must be terminated when the
three-dimensional region reaches the diagonal.

3.1.4 CHOICE OF DIFFERENCE SCHEMES. Three different damping mechanisms
are incorporated in the program. These will now be considered separately.
3.1.4.1 Gradient Damping. This method was described in Part I, Section
3.3 and 3.5.1. The difference scheme is centered at S = 3 + O0(Ax) and s
is caiculated as follows:

| xe Y ' 2
S=é{l+ASO<T-l>+ASl'_W—-'LFi - F; ]
i +1,0 -1,0

+ AS2 - %L EG? - Gi
i 0, +1 0, -1



Here Wi denotes the element of the vector W used to calculate S and Fi and
Gi are the corresponding elements of the vector valued function F and G.

If AS]1 = AS2 = 0 and ASO = 1, then

Y W
T2 20X

i.e., the scheme is centered halfway between the initial plane and the
furthest point that could be reached without violating the Courant-Friedrichs-
Lewy condition. This means that the region of influence approaches that of
the characteristics as close as possible. The situation is shown in Figure
4p for the two dimensional case. According to the local stability condition,
the maximum allowed step size is sz, i.e., the point P could be calculated.
Choosing S as given in the last expression in effect means calculating W
at the point P and then interpolating linearly for W(x + Ax,y) between
W(x, y) and W(x + 8x,, y). The accuracy of this scheme is, therefore, only
of first order.

If ASO = O but AS1 and AS2 are different from zero, the scheme is of
second order accuracy as long as the damping factors are of order ome.
This is the actual gradient damping method discussed in Part I, 3.3.
Usuelly, the first or secoﬁd element of W is chosen (i = 1,2) since these
vary strongly in marching direction and are anti-symmetric about the inter-
action plane.
3.1.4.2 Artificial Viscosity Damping. This method is also discussed in
PértJI, 3;3: With DX # 1‘the accuracy of the scheme is only of first order.
This scheme has only very recently been tested and requires additional in-

vestigations.



3.1.4.3 Laterally Uncentered Difference Scheme. The principle of this
scheme is graphically shown in Figure UB for the two-dimensional case. In
the first step, values at x + Ax/2, y £ TT Ay. The second step is similar
to that for the basic scheme.

It was hoped that this scheme would yield better results in the case
vhere the theoretical shock location was close to the intersction plane.
Howevgr, the contrary was observed; choosing TT < % resulted in smaller
gradients. Consequently, this scheme has subsequently been used only after
imposing shock jump conditions in the early stages of the two-jet inter-
action regions, where it prevents overshoots after the discontinuous jumps.
3.2 INPUT DATA
Data to be given as input and their meaning are given here.

GAM is the ratio of specific heats, assumed constant.
RDJ is half the separation distance of the centerlines of the two

nearest Jets in exit radii, i.e., D.

MO is the number of grid intervals chosen for D. It can be at most
Th.
IMIN the number of the initisl plane. It is one for the first run, for

fqrwa continuation run it is the previous IMAX plus one.
LMAX Last plane to be calculated for given run.
DPRNT This property governs the output print. If it is set equal to
| zero, every calculated plane is printed out. If it is given a
‘finite value, results are printed out roughly at x-intervals
specified by the number. Since Ax is variéble, the program prints

out the next plane downstream of each interval.



LAMO is the ratio Az/Ay and has the value one.

The following data pertain to the single jet calculations:

CN is the radius of the initial data line for the Jjet calculation in
exit radii.

CXR is the distance of the center of the polar coordinate system from
the nozzle exit plane,

The following tolerances are used.

CC is the tolerance on entropy undershoot. A value of 0.9) is satis-
factory.

FACTOR is v 3/8 multiplied by a safety factor for stability consider-
ations. The safety factor can be of the order of 0.9 to 1.0

cl,c2 tolerances, determining the lateral spreading of the three-
dimensional regions. Values of 0.05 to 0.10 are reasonable.

The following data govefn the calculation of the first few interaction points:

IFLG is the number of points at which shock conditions are initially
imposed. This will usually be zero or two.

ALF is the fraction of Ax by which the calculation is receded from the

interaction point, as discussed in Part I, 3.5.k4.

IDIV is the number of intervals in which this element is divided.
JUMPL is the number of planes calculated with a refined mesh.

JUMP is the number of planes calculated with laterally uncentered
difference scheme.
TS, TT give the fraction of uncentering for this scheme (see 3.1.4).

Finally, the following damping factors are used:




ASQ is used for centering the difference scheme according to the
locally allowable step size (see 3.1.4).

AS1,AS82 are the damping factors in centering the difference scheme
according to the local gradients (see 3.1.k4).

IJL determines which element of W is used in the damping factor. It
is either 1 or 2 (see 3.1l.k4).

DL,CL is the artificial viscosity term discussed in 3.1.L.

3.3 OUTPUT DATA

The first information printed after the input data is the distance from

the nozzle exit at which the interaction begins.

On top of each printed plane the following data are printed.

L, the number of computed planes. L =1 is the initial plane.

LAM1 and LAM2, the relative step sizes Ax/Ay and Ax/Az. For the five jet
program. the values are identicel. X, the distance of the plaﬁe from the
nozzle exit. Z1, the coordinate of the Jjet boundary intersection with
the interaction plane, and DY the mesh slze in the cross plane.

Below this heading, the calculated values of density, pressure, tem-
perature, -entropy, velocity components, speed and Mach number are printed
foriéé@hiﬁlénd ﬁ."In the last column a symbol indicates how the values
weré obtained. A point calculated in normal fashion by the difference
scheme has the symbol N. If the values were obtained by interpolation from
the singié:jeﬁ Qalues, they are distinguished by the letter J. Finally,
those points that were calculated in the jet region with the difference
scheme traversing the jet shock in the "wrong" direction and were subse-

quently replaced by jet values are characterized by the symbol E.



3.4 SUBROUTINES

Various subroutines and their function will be briefly discussed.

3.4.1 AUXILIARY POINTS SUBROUTINE (AUXPTS). This subroutine allocates the
values of W corresponding to the auxiliary points to the proper storage
locations. These values are obtained from those of the regular mesh points
by using the reflection principle to satisfy the boundary conditions.

3.4.2 PROPERTIES SUBROUTINE (PR¢P). This subroutine calculates a variety
of thermodynemic data from the basic dependent variables, Wi. Given the

total enthalpy H,

+ 1
L S

the density, R, is evaluated from

R =a {1 -1 - (b'/é')}

where:
-1
2 2
a y_lWZ(ZH-V - W)
_y+1 2
b = > wl/w2

and where the lateral velocity components are given by
V = w3/wl W= wh/wl

Subsequently we have




U = Wl/R

P=W, - (W]2_/R)

=
!

= (U° + V° + W°) R/(yP)

There are six input options to this routine, selected according to the
last of the input variables, as follows:

Option one computes the elements of both F and G.

Options two and three calculates respectively the elements of F only
or G only.

The fourth  option is used for print out. It calculates the variables
R, P, T, S, U, V, W, Q and M. Also it allocates M and N and the index
(N, J or E) indicating the method used in obtaining the data.

The fifth option calculates only those thermodynamic properties used
in the main progﬁgg, Thus the calculation of the temperature is by-
passed. B
B Finali&, thé sixth option is used to transform the axisymmetric date
interpolated from the jet program to the appropriate values for the
three. - dimensional region, i.e., it splits up the velocity component normal
to the marching direction into the V and W components.

3.4.3 JET SUBROUTINE (JET). This subroutine interpolates the W values
from the jet tape onto a particular cross plane for the five-jet program.
There are two options: If the last argument in this subroutine is one,
then boundary points are interpolated. If the argument is two,‘interior
points are interpolated. The two interpolation procedures are slightly
different.

The interpolation proceeds first in x-direction to the prescribed

plane position and subsequently within the plane along the radius through

— _ . __ __ NR



the desired point. Once the W values are interpolated, the density, pres-
sure and cylindrical velocity components are calculated and returned to
the main program.
3.4.3 INTERPOLATION SUBROUTINE (INTRP). This subroutine interpolates or
extrapolates either linearly or quadratically.

The first argument gives the three coordinates of the pivotal points.
If the first and third coordinates are equal, interpolation is linear.

The second argument gives the desired interpolation coordinate.

The third argument gives the ordinates corresponding to the pivotal
points and the fourth argument denotes the interpolated ordinates.
3.4.5 FILE SUBROUTINES. There are three symbolic FILE subroutines for the
five-jet program, each concerned with the I/O tape usage.

Subroutine FILE 1 sei;,s"qp the jet tape correctly for input into the
Tive-jet progrém. | |

Subroutines FIIEI 2 and FIIE 3 handle the I/0 for contination runs.

FILE 2 is needed for the input tape, FILE 3 for the output tape.

29




3.5 LIST OF PRINCIPLE SYMBOLS USED IN THE FIVE JET PROGRAM

ADIV floating point variable of IDIV

ALF input coefficient to initial LAMI

ANB the Y distance of interaction wall

ASO damping factor

AS1 damping factor

AS2 damping factor

BCD tells how W value is determined: N, J or E

Cl tolerance in 3-D expansion toward center Jjet
ce tolerance in 3-D expansion away from center jet
CC tolerance on reference entropy

CN radius of initial data line for jet calculation

" distance of polar vertex to nozzle exit

interval between printed planes

T

DR(S) step size of jet plane

DX "'b‘;“’&ivsrta.nce between cross planes
DY step size in Y direction
ENTH reference entropy

F(L4,80,3) F functions of W

F1(h) F

+ o
N~

, O

(03]

F2(k) F

o

-4, 0
FACTOR coefficient for LAMI

G(4,80,3) G functions of W

s
GL(L) GO, +%
ca(k) G .
0, -3
GAM constant ratio of specific heats




ICNT

IDIV

IJL

IPAGE

JJ

JJJ

number of points calculated using Jjet values

Integer value by which LAMI is divided until first interaction
occurs

selects conditions for shock points

index of element of W used for damping

determines when caption should be printed

determines when point is being tested or being filled
used for calculgting Jjet points

number of planes calculated with laterally uncentered difference
scheme

number of planes calculated with refined mesh

test left line for 3-D expansion

test right line for 3-D expansion

ratio between DY and DZ (value 1 for 5-jet)

ratio of DX/DY

ratio of LAM1/LAMO

last plane'computed

starting plane for run

éurreé? cross plane being computed

érid;;;iﬁf Y direction

center of outside Jjet on Y axis

left-boundary line for W values

left bqundary for 3-D region

location where jet boundary values age stored
location of the interaction plane

= MB until expansion occurs to right, then = MC

right boundary of 3-D region



o -

MO
N
NB
NBB

NBP

last line to right with W values

number of intervals between center jet and interaction plane
location of grid point in Z direction

boundary of 3-D region in Z-direction

NB value for previous plane

top boundary line in Z direction with W values

NJE(3,300)contains location and BCD value

PJB

Q

RUVP(L4)
@ RWVE(4)

RX(3)

S

TS

TT

UM

UQM(M)’; .

Jet pressure value at boupdary

total speed

half separation distance of initial interaction
jet density value at boundary

distance from polar vertex to 3-D plane

contains density, U and V velocities and pressure

‘contains density, W, V velocities and pressure

locat ion of jet plane from polar vertex

center of the difference scheme

parameter for laterally uncentered scheme; Z direction
parameter for laterally uncentered scheme; Y direction
angle which determines LAML

contains U velocity, total velocity, Mach No. and entropy

W13(80,80)first and third element of W

W2k(80,80)second and fourth element of W

W3D(3,80,2) jet values of W

YBD

NOTE :

radius of jet

All length dimensions are referred to the nozzle exit radius.



3.6 OQPERATING INSTRUCTIONS

The following operating instructions refer to the IBM T094-7044 DCS
computer systems.

3.6.1 RUN REQUEST. The following information will in general be included
in this request.

i) Operator's name, date, identifying run number, etc.

ii) Tape request. Two input tapes and one output tape must be requested.

iii) The time estimate depends on the numbef of points calculated. For
an initial time guess, two minutes should be sufficient to calculate
20 planes with a value of MO of 25.

iv) As line estimate roughly 2,600 lines will suffice to print out the
results under the same condition as in iii). Note that the number
of lines printed as well as the executién time increase as the
calculation proceeds downstream.

3.6.2 CONTROL CARDS.

i) Three SETUP cards are required for specifying the tape drives and
the I/O operations. Currently, the single Jjet tape is being setup
on B(1), the tape read in a continuation run on B(2) and the

. results of the present run on B(3). For an initial run a tape
B(2) will have to be set up although it is not used.

ii) An ATEND card will give a post-mortem dump if the run is termi-
nated by unusual conditions.

iii) The EXECUTE IBJ¢B card places the deck under the IBSYS monitoring
system.

iv) The IBJ¢B card uses ALTI¢, a version 13 option, which requires

fewer cells for the I/O package.



B
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3.6.3 BINARY DECK. The binary deck consists of the MAIN program and the
following subroutines: PR¢P, WRITES, INTRP, AUXPT and FILE. These names
appear in Column 72 ff of the binary deck.
3.6.k INPUT DATA
i) An end of file card separates the binary deck from the input
cards. This card has a 7 and 8 punch in Column one or a $ DATA
punched starting in Column one.

ii) Four cards are read as input to the program (see Appendix B)

\



‘NO

3.7 FLOW CHARTS FOR FIVE-JET INTERACTION PROGRAM

START

READ INPUT
PARAMETERS

SET UP BOUNDARY

AROUND 3-D REGION

DOES IMIN |
EQUAL ONE

|

YES
Emm—

WRITE CAPTION AND
INPUT PARAMETERS

FILLED IN EXTRA LINE
AT BOUNDARY OF 3-D
. REGION WITH JET VALUES

READ TAPE FOR
' CONTINUATION RUN

'

'READ JET TAPE

FOR DATA AT 3-D PLANE

'

NO

O

"1 DIRECTION

EXPAND Y

FILL IN BOUN
WITH JET VAL

NO H

Y DIRECTI(
EXPANDS

TEST FOR EXPAN
3-D REGION

NO-

T

'DETERMINE NO. OF

GRID PTS. IN
Z DIRECTION

INITIAL PLANE

1YES

3-D PLANE

DETERMINE INITIAL

DOES JET INFORMATION

REFER TO
INTERACTION PLANE

‘CALCULATE SHOCK
CONDITIONS

1, vES.

NO

"HAS INTERACTION
STARTED

INITIAL PLAI

'FIND AUXILIZ
VALUES

1

DETERMINE RADIUS
OoF JET

IF 3-D REGION R

. DIAGONAL REFLEX
ABOUT INTERACTI

(2)

COMPUTE INITIAL IAMI

TERM FOR 5-JET
STARTING PLANE

!

CAILCUTATE §
FUNCTIONS FR(




DOES ENTROPY OF ANY GRID | . jo

ﬂ

NO | HAS EXPANSION AILONG

DIAGONAIL EXPANDED
3-D HEGION

FILL IN BOUNDARY

=1 POINT FALL BELOW VALUE -
' OF REFERENCE ENTROPY
ARY
S YES
: [
FILL IN GRID POINT
N WITH JET VALUES
IbIne
o —
. L
YES NO | IS IT NECESSARY TO
& . WITH JET VALUES :
_ | vEs
NO
TAKE EVERY OTHER
GRID POINT FOR NEW GRID
RY L,
o) IS IT NECESSARY TO
> ~ FILL IN ADDITIONAL
JET LINES
[EACHES — ,
REGION FIND W'S AT S BASED
ON WALL | — ™| UPONF & GVALUES
K
FINDF & G'S
AT W OF S
h & G
M W'S
FIND W'S FOR NEXT PLANE
FROM F & G'S AT W OF S

LINES WITH JET VALUES

4

YES,

IS THIS THE LAST
PLANE TO BE CALCULATED

y YES

WRITE FINAL PAGE

DOES PROGRAM NEED MORE
JET INFORMATION

35-2

NO




ENTER PROP
SUBROUTINE

\

DETERMINE THE
U, V & W VELOCITIES,
DENSITY AND PRESSURE

FOR W VALUE
1 1IES. RETURN WITH
DOES I = 6 ———"1 THE ABOVE VALUES
o |
DOEST =1 | M DOES T - NO CALCULATE TOTAL
ORI <2 | — L 3 ™ VELOCITY, MACH NO.,
AND ENTROPY
YES ;
YES
FIND F FUNCTIONS
| & _ 4
YES. [
DOES I = 1 }— — g FIND G FUNCTIONS DOES I =5
0 - NO
NO l YES I
RETURN jet— PRINT FLUID
' PROPERTIES




ENTER WRITE
SUBROUTINE

NO .

INITIAL PRINT OUT

L

WRITE HEADER WHICH
SAYS 5-JET
INTERACTION PROGRAM

1

DEFINE INPUT

. DATA IN PRINT OUT

) " PRINT 5-JET
s CONFIGURATION
FOR LAST PAGE

RETURN fe—

} ‘ 37



ENTER INTRP
SUBROUTINE

l

REFERENCE ALL IENGTHS
FROM FIRST ENTRY OF R

]

'

YES

| s r@) = w3

]

QUADRATIC

LINEAR INTERPOLATION'

INTERPOLATION

38
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 ENTER AUXPTS
SUBROUTINE

NO HAS 3-D
REGION REACHED
THE DIAGONAL

¥ES

FILL IN AUXILIARY
DIAGONAL LINES

l

HAS 3-D
| REGION REACHED NO.

THE CENIER OF
THE MIDDLE JET

* ]

REFLECT POINTS
M=6, N=3 INTO
M=4 N=3AMD | o
M=6, N=2 INIO
M=4 N=2

.; 39

REFLECT LINE
N=3 INfON=1




‘ENTER JET
SUBROUTINE

' VALUES AT BOUNDARY |——*

OPTION FOR JET - YES FIND DISTANCE FROM JET

AXIS TO BOUNDARY

NO

FIND DISTANCE TO KNOWN -
JET VALUE BELOW POINT ———
TO BE INTERPOLATED

' INTERPOLATE JET
VALUES ONTO 3-D PIANE
FOR GIVEN DISTANCE

FIND DISTANCE OF KNOWN
JET VALUES ABOVE POINT [* o

IS INTERPOLATED VALUE
AT BOUNDARY

_ TO BE INTERPOLATED

‘f ONTO 3-D PLARE FOR-". -
GIVEN DISTANCE

YES
RETURN

INTERPOLATE ALONG
3-D PLANE TO POINT




L. THE TWO-JET INTERACTION PROGRAM

L.1 GENERAL DESCRIPTION

The main difference between the two-jet and the five-jet interaction
program is the fact that the diagonal y = +z is no longer a symmetry axis.
Consequently, the storage of the dependent variables, the vector W, is
different. Since the basic grid is rectangular, the eleﬁents of W are

stored in the three-dimensional array

W(J, M, N) J =1, 2, 3, L.
The rest of the program logic is the same as for the five-jet program
except that, of course, the reflection about the diagonal and the growth
of the three-dimensional region in direction of increasing y are omitted.
4,2 INPUT DATA
Thevinput data.are the same in the two programs except that there is

only one tolerance C which governs the growth of the three-dimensional

region.



APPENDIX A
SINGLE JET PROGRAM

Input Cards Format

‘ FORTRAN Listing
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.$IBJOB JETT MAP,LOGIC

BIBFTC MAIN LIST JET
c JET
c JET
C JET
C THE Ui T PROGRAM JET
c JET
c JET
C JET

COMMUN /ALL/ DO#RR . JET
COMMUIl /WJdl234/ wJ(1003) JET
COMMON /INPWJ/ MUILAMLI'BK)RyU»VePR, IFLAG,MR»ALP JET
COMMON ZINPJET/ RH(30)+AN(30)+B(30)»YH(30) MN(30) . JET
COMMON /INPPRO/ GAM1,GAM2,GAM JET
DIMENSION WL(3)2UVP(3) s MOR(3)»UVP3(3)UVPH(3) JET
CIMENSION WJET(3001009¢3)2W3D(3180) yRX(3)sYY(3)rWW(3) JET

REAL LAML»MOR JET
INTEGER DELPNT JET

PI = 3.14159265 JET

C JET
C REAU INPUT PARAMETERS JET
C JET
KEAU (5,10) GAMsLAM1,)DO,BKeFACTORIALPIFFoX0eSRe IPRINT»LLsDELPNT JET

10 FORMAT (8E10.57 L10,5.3110) JET

C IF FACTOR IS ZERU LAM1 = CONSTANT JET
g 1F FACTOR IS NON=ZERO LAM] = VARIABLE JE;
JE

. C PRINT . INPUT DATA DEFINITIONS JET
c ‘ JET

wRITe (6020) JET

20 FORMAT (1H1026(7)026X3H%  THE*xx%  T(1H*) o 10X5{1H*) ¢ 3X5(1H*),2X2(8JET
2H tx¥x ) e HH ARRRERLXGHEERRIXLIHRLX o LH¥/26X 0 UHx  *9OX o 1H% 9 13X e 1H% e 6JET
¥ (GXoqtix %) plit* e SX2H4%/726X e 4H®  %90X e LHX13XIH& e 34X olU4Hx %) p 7X1H*2JET
(UXol4tix %) r3(2H #)/26X1H#2XUH*xxx6X e LH*p13X02(S{1H%) p3X) o 1H*,4X e 4JET
e g TXeSUIH®) 03X e 6 (1H®) s 3(IH  *) /26X e l4H®  *93Xe 1Hxe 13X 1H*» 7X s SHJET
Ak Kk pGar THXrUXeOH*  kx kkk ) 2Xp3Hk *,5Xe1H*ke4XeuHx X9y 5X o 1H%x/22X e 1HXJET
Fo3XKol4ti*x  *e9X s lHF o L3IX o IH®k e TXolHE o4 Xo IH*22{(uX4H* %) 9 3H %o 2{(4XJET
o 1H®) s 2X o 20 1H#s5XI 723X s 3Hxk* e 3Xp S(1H%) s SXr 1H* o 13X 0o LH%» TX1H*IX1H*UXJET
FoUHAREE GX o BHERER 9 T(SXo LH¥) s UXe4H*  *9SXe1H#/1H1) JET

WRITE 6300 JET

30 FORMAT (36Xe2(1H492X)s4H % o4 (1H%) o2(3Xe1H*) 92X 5(1H*) » TXe 4 (1Hx%) ¢ JET
LY g 3pik k% 3X s (1HF) w3X s IHEXR /36X e DHE  *%02(2Xe1H%) p IX9e2(2X e 1H%X) o IXs JET
2 (1rixsUX) 02X e2(3R01H%) 12X o2 (1H*23X)p3H * »2(3X21HXx)/10Xs5(2H% )+ 14JET
AXo2(2Xo1HF) 2 2(2H *) 92X o4 (1H*) 92 03Xy L1H*) o 4Xr LH¥ 016X 2(3Xs LH*) 92X S{1JET
sHE) o X0 AHXrUX oS (LHX) » 16X 05(2H %) /34Xe3(3H  *)s2{3H%x ) elXe2{1H*e IXJET
*)p2H *1H6Ke2(3X010i%) o 2X 020 1H*e3X)#3H * »2(3XelH*)/3UXe2(3H *) 91X 2JET
#(3H  #) o TXr3Hx*x* s SXp LH*X 9 OX e GH* %% %92 (3Xo 1k} 22 (4Xo 1H*) 2 3X0 1H*/////)JET

WKITE (6040) GAM . JET

40 FORMAT (48Xs30HRATIO OF SPECIFIC HEATS GAM = ,Fge2/78Xe6(1H=~)//) JET
WRITE (6050) BK JET

50 FORMAT (23X 77HINITIAL POLAR ANGLE DIVIDED BY DO MEASURED FROM JETJUET
* AX15 TC BOUNDARY IS BK = #Fye37100Xe8(1H=)//) JET
ARITE (6000) SR JET

6U FORMAT (37X+SHSR = yF7.3s46H IS THE POLAR DISTANCE OF THE INITIAL JET
*DATA ARC/42X»7(1r=)//) JET

Lk

10

20

30

40

50

60

70

80

990
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
k10
420
430
4490
450
460
470
480
490
500
510
520
530
540




OO0

OO0

WR1ITE (6070) X0 JET
70 FORMAT (31Xr64HDISTANCE BETWEEN NOZZLE EXIT AND ORIGIN OF POLAR SYJET

*STEM IS X0 = vF743/795Xs7(1H=)/7) JET
WRITE (6080) DO JET

80 FORMAT (34X»49HTHE ANGULAR STEP SIZE BETWEEN POLAR RAYS IS DO = »FJUET
¥7,498H DEGREES/83Xe7(1H=)//) JET
WRITE (60¢90) LL JET

90 FORMAT (43Xr46HTHE MAXIMUM NUMBER OF ARCS CALCULATED IS LL = +Is/8JET
¥OX2H(1H=)//) JET

IF (FACTORWEQ.O+U) WRITE (60100) FACTOR JET

100 FORMAT (41XS1HFACTOR = 0 MAKES LAaM]1 CONSTANT FOR ALL COMPUTATIONS/JET
*x//) JET

IF (FACTORWNE.O+0) WRITE (60110) FACTOR JET

110 FORMAT (31Xe61HCONSTANT MULTIPLIER FACTOR TO VARIABLE LAMY TERM ISJUET
* FACTOR = ¢F8.,4/792Xs5(1H=)//) JET
WRITE (60120) ALP ‘ JET

120 FORMAT (30X266HTHE WEIGHTED AVERAGING FACTOR FOR THE RADIUS OF CURJET
*VATURE 1S ALP= +F7e3/796X07(1H=)//) JET
WRITE (60130) LAM1 JET

130 FORMAT (38Xs49HINITIAL RATIO OF GRID STEP SIZES DR/DS IS LAM] = FJET
5. 4/87Xe8(1H=)//7/59X e 13HOUTPUT FORMAT///) JET

IF (IPRINT.EQ.1) WRITE (6+140) IPRINT JET

140 FORMAT (40X 9HIPRINT = ,I2¢e41H PRINTS VALUES IN CYLINDRICAL COORDIJET
*NATES/S0Xe 1H=//) JET

IF (IPRINT.EW.2) WRITE (6:15%50) IPRINT JET

150 FORMAT (43Xe9HIPRINT = ,I2¢3%H PRINTS VALUES IN POLAR COORDINATES/JET
*53Xe 1H=//) JET
WRITE (60160) DELPNT JET

160 FORMAT (40Xs6HEVERY »1I3,53H TH CYLINURICAL PLANE OR ARC WILL BE PRJET
*INTEU (DELPNT)/40X93H=w==//) JET

IF (IPRINT.EQ.1) WRITE (62170) FF JET

170 FORMAT (30Xebtt FF = »F7.3+,59H IS THE RATIO OF DX/DY ON THE CYLINDRJET
*+ICAL COORDINATE SYSTEM/36X¢7(1H=)/7) JET
JUMP = DELPNT-1 JET

LO = LO*PI/Z180., JET

KR = 1.0 JET

II = ¢ JET

Ll = ¢ JET

Y = 0.0 JET
RX{1) = 0.0 JET
KX{2) = 0.0 JET

XX = RR JET
6GAM]1 = GAM/(GAM=1,.,0) JET
6AMZ = (GAM+1.0)/(GAM=1,0) JET

H = ,5%GAM2 JET

MO = pK ‘ JET

JET

AXIS OF UET CORRESPONDS TO K=2 GRID LINE JET

, JET

M3 = MO+2 JET

MR = 100-=M3 JET

_ JET

M3 Is A GRID POINT ON OR JUST ABOVE JET BOUNDARY JET

JET

IF (UK eNL.FLOAT(M0O)) M3 = M3+}1 JET

550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090




o N aNel

OO0

OO0

QOO0

OO0

UO 180 Kz2/M3

READ

(5010) Z+QrbF

0 = FLOAT(K=2)+#DO

IF(K
U
v
K

CALC

WJ (K
wWJ(K
180 wJdlK

EQ.M3) 0O = SBK*DQ
@*CO0S5(Z-0)

Q*SIN(Z=0)

GAMLI 2P/ (H=e 5% (Ux%x2+yx%2))

ULATE w INITIAL yALUES

r1) = REU*RR*¥2x5IN(0)

r2) = (P+RAUX*2) xRR*x%2*SIN(0)
+3) = ReUxVERKR**3%xSIN(O)

JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET

LAST FLULID PROPERTIES CALCULATED IN ABOVE LOOP ARE BOUNDARY VALUESJET

PR =
IFLA
CTONN §
190 CALL
M3 =
IF «
200 IFLA
Lo =

THE x AND Y VALUES ARE CALCULATEL IN REFERENCE TO THE NOZZLE EXIT

xB
Yy
IF «

PRIN

WRIT
JUMP
Jump
1F «
wRIT
210 FORMm
wiRIT

220 FORMAT (7Xe310HPLANE L = I3e5Xr1LlHR(L)/R(1)
*5,9Xs6HLAMY ZeF10e6,5X04HXB ZoF1U.595Xe4HYB =,F10.5/7/)

wiRIT

P
=240
O 200

wddJ

MO+2
HKeGTFLOATI(MO) IM3 = M3+]
G = IFLAGH]

KR*xSR*COS(BK*D0O) ~-X0
HKR*SR*SIN{(BA*DO)

T POLAR VALUES AND HEADERS

E(8) IFLAG.RReLAML1BK,DOsXE,YB
= JUMP +1
= MOU(JUMP P LELPAT)
JUMP,NE.Q) GO TO 249
t (60,210)
AT {1H1)
£ 46e220) IFLAGIRR+DDILAMLrXueYB

£ (6:230)

JET
JET

- JET

JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET

:'FlooSDSXl“HDO ='F10.JET

JET
JET

230 FORMAT (11Xe7HDENSITY »8X s BHPRESSURE »5X 9 1 IHTEMPERATURE » 6X ¢ THENTROPYJET
*r8Xe 3(BHVELOCITY »7X) » BHMACH NOo/4X, 1HM e OX 0 1HR, 14Xs 1HP» 14X 1HT y 1uX o JET

*lHEol4XalHUleX-lHV014XleQo14XvlHM//)

EXTRAPOLATE FLUIU PRUPERTIES FROM K=3 AND 4 LINES TO AXIS

240 CALL
CaLL
Ul
vVl
P1
R1

PROPWJ (WJe3/MOR UVP312¢100+3)
PROPWY (WJr B4 2MORIUVPYr2910094)
(4, 0*xUVP3(1)=UVyP4(1))/3.0

UeO

(4,0%UVP3(3)=-UVPY(3))/3.0
GAM1*P1/(H=e52y1*%x2)

JET
JET
JET
JET
JET
JET
JET
JET
JET
JET

1iG0
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
15490
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
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OO0

OO0

OO0

(aNeXel

250

20U

<70

280

AM = Ul/SQRT(GAM*P1/R})

ANG = 0.0

IF (FACTORWNE.O«U) UM = ATANZ2(1.0rSQRT(AM*®%2-140))
IF (IPRINT.EQ.2) GO TO 270

11 = 11I+1

A MAXIMUM OF 30 JET PLANES ARE USED TO CALCULATE ONE CYLINDRICAL

PLANE

IF (11.Lie30) GO TO 260
WRITe (60250)

JET
JET
JET
JET
JET
JET.
JET
JET
JET
JET
JET

FORMAT (55HTO0 MANY UET PLANES ARE REQUIRED TO CALCULATE 3-D PLANEJET

*)
STOP

JET
JET
JET

PARAMETERS OF JET PLANE ARE STORED IN THE FOLLOWING ARRAYS FOR USEJET

IN COMPUTING CYLINDRICAL PLANES

RH(II) = RR
YH(II) = YB/SR
MN(IIL) = M3
B(Il) = 8K

AN(II) = DO
L1 REPRESENTS JET PLANE THOSE DO VALUE CHANGES

IF (II1eNE«leoANDeAN(Ii) NE.AN(II=-1)) L1 = II
THETA = 0.0

DO 320 K=2+M3

L =K

IF (K.EQe.2) GO TOU 29y

IF (K<NE.M3) GO T0 240

IF (BRK.EQ.FLOATI(MQ)) GO TO 280

BOUNDARY VALUES PRINTEC OUT

Ul = v
Vil = v
Fl = PR
Kl = R

ANG = ATANZ2EV,U)*180./P1
AN = SORT((UL**¥2+V]1*%2)/(GAMXP1/K1))

BOUNUARY L IS GRID POINT POSITION MULTIPLIED BY 100

L = (K4+2.005)*%100.0
CK = MO

THETA = BKx*DO

GO To 290

CALCULATE FLUID PROERTIES FOR PRINT OUT
CALL PROPWJ (WJeKsMOR,UVP,2,1000K)

Ul = uVvP(l1)
V1l = uvP(2)

JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET

1650
1660
1670
le80
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
l8lo0
1820
1830
laun
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
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OO0

300

310
320

[sNeXe!

330

OO0

Pl = UVP(3)

AM MOR(])
ANG = MOR(2)
R1 = MOR(3)

THETA = FLOAT(K=2)}*DO
Q1 = SORT(Ul1x*2+V1ixx2)

ENT IS THE ENTROPY

ENT = P1/(R1%*GAlv)
TEM = GAMxP1/R1

ANGL = ANG*P1/180G.0

IF (FACTORWNE.O+U) UM = AMAX1 (UM»ATAN2(1.09rSQRT(AM%x%2-1,0))+ABS(
*ANGL))

IF (IPRINT.EQ.2) GO TO 300

THETA = THETA+ANGL

CONVERT POLAR COORDINATE w'S INTO CYLINDRICAL COORDINATES

uu COS(THETA) *G1

Vv SIN(THETA) *ul
WJUET(II/Kel) = RLI*UU
WIET(IIsKs2) = RIXUUSx24+P1
WJET(II/Ke3) = RLIFUU%VV

G0 TO 3240

WRITE POLAR JET TAPE AMD PRINT POLAR VALUES

WRITE (8) R1,P1eUlrV1ieGlerAMyANGL

IF (JUMP.NE.O) GO TO 320

WRITE (6¢310) LeRK1vPLlLsTEM)ENTUleV1eal,AM
FORMAT (15¢BE15¢5)

CONT IIKUE

CALCULATE LAM1I FUR NEXT PLANE

IF (FACTOR«NE.O.0) LAM1 = FACTOR/TAN(UM)
IF (IPRINT.EG.2) GO TO 480

BELOW CYLINDRICAL W PLANES ARE DETERMINED

LP = If
RX(3) = Rx(2)
kX(2) = Rx({1)

RX(1) = KR*COS(BK#*DO)
IF (Rx(2).LTeXX) GO TO 440

LP REPRESENTS THE NUMBER OF JET PLANES NECESSARY TO FILL IN A 3-D

CALL POLATE (YH(LP=2)sYr0sRX(3)sRX(2)RX(1)r»XXr1)
IF (UY.NELD.0) GU TO 360

FIND THE GRID SIZE OF CYLINDRICAL PLANES VALUE OF Y/DY BETWEEN 40
AND g0

JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET

2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
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OO0

3u0
350
360

370

380

360

400

UYl O Y/40.0

DO 340 I=1.10

DYl = DY1%*10.,0

DY = FLOAT(IFIX(UY1))/10.,0%%]

IF (Y/DYOGE+t40e0AND.Y/DYLE.77.0) GO TO 350
UX = FFaxDY

RHO = =DY

MAX = Y/DY+2.0

IF (MAX.LE.79) GO TO 370

IF 700 MANY GRID POINTS ARE NEEDED DY CHANGES SIZE TO REDUCE THE

NUMBER OF POINWTS

UY = 2.0%xDY

GO0 Tu 36U

MAX1 = MAX+1
DO 380 M=2+/MAX
RHO = RHO+DY

1 =1

L1 REPRESENTS THo JET PLANE wHOSL RESOLUTION HAS DOUBLED
wJET (PLANEPOSITION:PROPERTY)

INTERPOLATE w VALUES AT CYLINDRICAL GRID POINTS

CALL JET (WJET(1o101)oW3D(1eM)eIoRHOPLLILP#XX)
CALL JET (WJET(1s102)ew3D(2/M)eI+RHOPL1/LPeXX)
CALL JUET (WJET(1r193)ew3D(3oM)sIsRHOWLL1eLP»XX)
DO 4QUu I=1.3

DO 390 J=1+3

M = LP+J=3

MN REPRESENTS THEL POSITION WHERE BOUNDARY IS TO BE STORE(D

NM = MN(M™)
WWlJ) = &JET (MeisMe )

INTERPOLATE w'S AT JET BOUNDARY

CALL POLATE (WwWra3D(IsMAX1) e eRX(3)pRX(2)+RX(1)9XXe1)
XU = XX+uX

WR1ITE CYLINDRICAL JET TAPE

WRITE(8) XDeXXsDXoYoGY MAX1w3D
XP = SR*XX=X0

YF = Y*SK

DYP = DY=SR

JUMP = JUMP +1

JUMP = MOD(JUMP»UELPNT)

PRINT EVERY DELPKT PLANE

IF (UUMP.NE.O) 6GU TO 430

JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET
JET

2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3080
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
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WRITE HEADERS ANU PRINT CYLINDRICAL JET FLUID PROPERTIES JET 3300

JET 3310

WRITE (6¢410) XPeYP,DYP,DY JET 3320

410 FORMAT (1HLe24Xe3HX =9F10,5010Xs3HY =¢F10.5010Xs4HDY =¢F10.5,10x JET 3330
*94HDOR =eF10.5/7/7//13Xe THDENSITY»5X 9 8HPRESSURE r 4 X 11HTEMPERATURE ¢ 4 X, JET 3340
*THENTROPY6X3 (BHVELOCITYSX) v 1X1SHERROR» 7X ¢ SHMACH NO+/8X e 1HMe 7X ¢ 1HR9» JET 3350
*¥12X91HP 12X ¢ 1HT# 12X, 1HS) 12X e 1HU» 12X s 1HV» 12X 2 1HQ, 12X 1HE» 12X 0 1HM/ /) JET 3360

DO 420 M=2/MAX JET 3370

420 CALL PROP3D (w3D(1leM) M) JET 3380
CALL PROP3D (W3D(1eMAXL)» IFIX((Y/DY+2.005)%1000)) JET 3390

430 XX = XD JET 3400
JET 3410

SEE IF ANY MORE CYLINDRICAL PLANES ARE POSSIBLE TO CALCULATED WITHUET 3420

THE EXITING INFORMATION JET 3430

JET 3440

G0 TO 330 JET 3450

440 0O 45U I=1.LP JET 3460
K = [ ‘ JET 3470

450 IF (KH(1)GT.XX) GO 10 460 JET 3480
460 K = rR=2 JET 3490
IF (KJ.LE.1) GO TU 4gg JET 3500

JET 3slo

SHIFT OUT UNUSEABLE DATA IN ORDER TO MAKE ROOM FOR MORE JET DATA JET 3520

ALL USEFUL DATA wllLL BEGIN WITH FIRST LOCATION OF ANY JET ARRAY UPUET 3530

TO LP = LAST JET INFORMATION JET 3540

JET 3550

DO 470 I=KeLP JET 3560

11 = J=K+]1 JET 3570
RH(II) = RH(I) JET 3580
YH(II) = YH(I) JET 3590
MNC(II) = MN(I) JET 3600
B(I1l) = B(I) JET 3610
AN(IL) = ANC(]) JET 3620

NM = mN(1) JET 3630

DO 470 J=1+3 JET 3640

U0 470 Mz=2sNM - JET 3650

470 WJUET(IIsMadJd) = WUET (1 eMpdJ) JET 3660
JET 3670

SHIFT LOCATION OF PLANE CONTAINING NEW DO JET 3580

e JET 3690

L1l = Li={(K=1) _ JET 3700

JET 3710

CALCULATE IFLAG NUMBER OF POLAR JET PLANES JET 3720

JET 3730

480 IF (IFLAG.NE.LL) GO 710 199 JET 3740
WwRITE (6.490) JET 3750

490 FORMAT (1HYI+20(/) o 18XoH®%kkp4Xp IHkk® e 3X 0 SR k¥ ko IX 9 IHEx% 99X ¢ FHx**xJET 3760
*¥02(3Xr1H®E) 2 10XeTH* k¥ o 2XoH{LH*) y 7XeST1H*) » 3X ) IH® k%9 IX o 4H*%x %, IXJET 3770
*UHEx 42 /18XIHAIXUH*  #3X2 (1H*4X) » LHE3XIH®UX2 (3X1H#*) 0 2X2H*%3H *10X»JET 3780
*UH® R pTXoAH* o 11X 1HAYEX o LH*9 2(3Xo4Hx %) /18X 1H%e3X,8H%* *xk%xxp4X JET 3790
ko LHX o4 X o SCLIHR) p 7Xo IH%p 3X o 1H%X 92X 2 3(2H% ) 1 9Xs6H* k%%, 5Xp1H*»11Xs 1H*JET 3800
AUX S (1H*) 92X o 4HE X2k, 3X p BHAK R/ 18X IHXR o IX 2 UH%x 493X 92 (1H*,4X)} 902 (1H*x»JET 3810
*¥3X) o 1X02(3XLH*) ¢ 3H %9 2X e 2H*%05Xe3(3H %) o 7Xe 1Hx o 11Xo 1H*p4X e 1H¥*,3XJET 3820
*LH*2 X IH*OX1H*/18XU4H k% xIX1H*p 3Xo LH*%,2(UX 0 1H%) p3IX» 1H%x 9 8X» IH* %% 2 (IXJET 3830
*o1Hx) 98X e 2H* %k IX e hHe ko4 X o LH* o LLX, LH* o 4X o LH*, 3X e 1H% e 2X ) IH* v 6 X0 4H*JET 3840




*kkk) JET
WRITE (60500) JET

00 FORMAT (//27Xo1H* 23X p3H*%% 9 TX2 (1H* ¢ 3X) o SH¥x¥2X2 (UH**%%92X) 96X o UH* JET

* Xp3KpIH* 9 7TXeS(1H®X) p3(3H %)y IHkxk/27XolH*  *, TX02(3Xe LHx) 22X IH* 9 JET
*¥2 (55X o 1HE) pIXsIH® e TXo8H. %% %y 9X, 1H¥e U4Xr 3{IH* Y/27X e 1H*90 3IX 9 2H**JET
XpEXr2(UH* Yo2H¥ X g 360 3H %%k p 2 (3Xo 1HX) o 7TXe2H% p3(2H *)p» 9Xe1H2pUX24JET
FHREER g 2N o 3HER /2T X0 LH* 1 SXo IH%» 7X0 2 (1H* 0 3X) 2 2(2X 9 1H¥) 0 SX2 (4H* Yo 4UET
2Xe2(3H® ) e2H%%xe OXIH*UXI(IH%x )/27Xr6H* *x%k%x,9X 02 (IH*x%%xp3X) »2(yH*JET
*¥xkxe2X) 06X 2(3H® ) p2H % OXpiH*eUXp2(3H* ) rUH*¥%%x) JET

WRITe (60510) JET

510 FORMAT (//3X»2(3H% ) ol4H x2S 1h%) p2{2XeHEx4%) 92 (4 X2 SHxkx) 92X, 5(JET

X1H%) 92X o LH® o 3X e SHAX 29 2(3X o 1HA) 0 TX 92 (Y4HE*% k¢ 3X) 1 4H *%k%x 92X 2(2X o 4H*XJET
k) g X o 3Hik*EJ(IX 0 LHX) s 2H*%/3XoSHx %% e2Xe3(1H*0U4X)22H *92(3X,UH%x JUET
%) o 7TXo IH*oUX»2(3H% )y QH * %% %, 7Xe3(1H*e3Xe3H%* ) o1lHx,6Xs» 2(1HJIET
22, 3Xe3HE ) e BHE® % x/3TXeIHk 1 3(2H% ) o 3IXs LHE o U X JHE®R%p IXp 4HRxk %y JET
33X SH&®xx02X o LHEo TX o LHA2UXo2(3Hx )2 3H % »3(2H %) o TXe2(4HE*x%xp IX)JET
$olH* e 3Xe LHX e TH  * *xkp2Xo4Hexkx 93X, 5(1H%) 92X 3(2H% ) sUH %x%/3Xs2(3UET
AHE ) 9 2H&% s 2(UX e 1HX) p5Xp2(2H+ ) p2(3X o IHX) 22X o 1H&k» TX o LH* o4 X0 1Hx 92X o JET
ALH*p3X02(3HE Yo H*Xx 22(6Xe1H%)22H *oUX s 1H®xeIX 0 1HRke2Xp LHR 93X 1H% 2 2UET
*¥XoUHe % p2(3Xo1H*) 202Xs2(1H®e3X) »3H */3Xe2(3H%x Do lXe2(1H%xo4X) s 4UH2JET
x4y 2(3H %) e2(3Xe 1H%) 23Xy IHe%x% 92 (UXe LH*) »3X o 3Hx %% 2{3Xy 1H*) p1X2(6UET
*¥XplH*) o 3H % p4XeSH*xx o4 X o 4H&kx »2(3H %) p2(3Xp1H*) 12X e 1H%yIX,6H* JET

k%) JET
STOP JET
END JET

3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
40060
4010
4020
4030
4040
4050
4060
4070
4080
49090
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10

20

30

40

SUBROUTINE WJJ

COMMON /ALL/ DOrRR

COMMON /wJ1234/ wJ(10003)

COMMON /INPWJ/ MOrLAMLIBKsRoUPVIPR, IFLAG/MRsALP
COMMON /WJJPRE/ ALPHA» THETA»LL(6) vPLIE) »P(10rp)
CIMENSION F(3+3)9Q(3,3),PRS(2)

REAL LAM]

CK = ™m0

CC = (BK-~CK)=*DO
M2 = MO+2

Ml = m2-1

FIND F AND Q'S AT K,K+1

CALL PROPWJ(WJII/M2eF(193)9sQ(103)s10100eM2)
CALL PROPWJ(WJIoMLeF(1+2)rQ(1¢2)+1+1000M1)

LL GIVES UPPER RAY
PL GIVES DISTANCE FROM VERTEX TO PRESSURE VALUES
P IS PRESSURE VALUES THAT ARE SAVED

IF (1FLAG.GT.1) GO TO 20
GO 10 L=le4

LL(L) = 0.0
PLIL) = 0.0
LO 10 Kz=l1r6

P{KsL) = 0.0
THETA = uK#*DO

INITIAL ALPHA FOR BOUNDARY

WJJ
wWJJ
wWJdJ
wJddJ
WJJ
wJdd
wddJ
WJJ
WJdJ
WJdJ
wJJ
wWJdJ
wdJ
wJJ
wJdJ
WJdd
WJJ
wWJJ
wJJ
wWJJ
WJJ
wdd
WJJ
wJdJ
wWJJ
wWJddJ
WJJ
wWJdd
WddJ
WJdJ
wWJJ
wWJJ

ALPHA ==ATAN2 (U*SIN(THETA) +V*COS(THETA) »UCOS(THETA) =VASIN(THETA) ) WJJ

CC = ¢cC+bO
IPN = 1
GO TO 40

wJdJ
wJJ
wJJ
WJJ

THE PRESSURE INFORMATION IS SAVE FOR THE CURRENT SIX POLAR PLANES wJJ

DO 30 L=l.4

LLiL) = Lhil+)
PL(L) = PLL+1)
DO 30 Kz=1+6
P(KsL) = P(KoL+1)

wWJJ
WJdJ
wJJ
WJdJ
wJJ
wdJ
wWdJ

MR IS USED AS A REFERENCE MARK IN ORUGER TO DISTINGUISH ONE RAY WJJ

FROM ANOTHER (FOR PRESSURE PURPOSES ONLY)

LL(S) = MR+M2
PL(5) = RR

DO 50 Nz=1r6

K = M2+41=N

wJJ
WJJ
wWJJ
wWJJ
WJdJ
wJJ
wJJ

FIND THE 6 PRESSURE VALUES CLOSE TO THE BOUNDARY OF CURRENT PLANE WJJ

wWJJ

i0

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
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50

o0

70

80

o0

100

CALL PROPWJ (WJeKeXoP(NyS)»30100+K)
DO 90 N=2,M1

K = M1+42=~N

IF (K,EG.2) GO TO 8¢

IF (KJNE.3) GO TO 70

F AND @ VALUES AT Kz2 ARE ZERO EXCEPT Q(3»1)
DO oU J=1.3

F(\J'l) = 000

GldJdel) = 040

CALL PROPWJ (WJrK+1,XePRS(2)+3+100,K+1)

CALL PROPWJ (WJrKeXsPRS(1)93¢100/K)
EXTRAPOLATE Q{(3¢1) FROM K=3 AND 4

G(3r1) = (4.0%PRS(1)=PRS(2))/3.,0%RR**3
GO 70 80

FIND F AND @ AT K=1

CALL PROPWJ(WJrK=1+F(101),Q(10¢1)s1,100,K=1)
FIND w'S FOR NEXT PLANE

CALL 4JET (FrQoWJrWJ(K+1s1) o LAMIPK)
DO 90 I=1,2

1 = =143

D0 9¢ J=1+3

FIJeII+1) = F(Jrll)

Q(Jell+1) = Q(Jr 1)

STORE W'S CORRECTLY

0O 100 K=2+M1

LO 100 J=1.3
wd(Ked) = WI(K+10J)

THE POLAR JET BOUNDARY IS HANDLED BELOW

LL(p) = MR+M1

FIND THE NEXT PLANE'S DISTANCE FROM JET VERTEX
PL(6) = RR*(1.+LAM1x%xDO)

RP = RR

RR = PL(O)

SOLVE FOR KNOWN PRESSURES AT PLANE L+1l,» (6)

UO 110 N=1r6
K = Mz=N

110 CALL PROPwJ (wJeKeXsPINy6)230100¢K)

wJdJ
wWJJ
wWJdJ
wJdJ
wJdJ
WJdJ
wJdJ
wJdJ
WJdJ
WJJ
wWJJ
WJJ
wdJ
WJJ
wWJdJ
wJJ
wJdJ
wWJJ
WJddJ
wddJ
wJJ
WJdJ
WJdJ
wJdJ
wJJ
wJJ
wJdJ
wWJdJ
WJJ
wWJJ
wJJ
wWJJ
wJddJ
wdJ
WJdJ
WJJ
wJJ
WdJ
WdJ
wJJ
wWJddJ
WJJ
wWJddJ
wJd
wWJdJ
wJdJ
wJdJ
wJdJ
wJJ
wJJ
wJdJ
wJdJ
wWJdJ
WJddJ
WJJ

560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
230
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
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120

130

140

150

lel

RR = RP

ALPHALl = ALPHA

Jd =1

MA IS HIGHEST REFERENCED RAY

MA = M2+MR
IF (IFLAGW.NE,.,1) GO TO 130

FIND PRESSURE ON NORMAL VECTOR AT PLANE L ON RAY Mi
IF (IPN.EG.0) GO TO 130

FIND PRESSURE ON NORMAL VECTOR AT PLANE L ON RAY Mi=-}
CALL PRES (MA-1+M1eIFLAGIP2/RAV1)

CALL PRES (MA=2+/M1l=1,IFLAG*P3+RBr2)
60 TU 14U

CALL PRES (MA'M22IFLAG!P2,RA»1)

CALL PRES (MA=1+M2«1,IFLAGP3+RB+2)

1l = PR

CALCULATE R2 AND R3 DISTANCE MEASURED FROM PRESSURES P2 AND P3 ON
NORMAL TO BOUNDARY ALONG NORMAL

IF (CC.EG.,0.0) CC = poO

K2 = RR*SIN(CC)/COS(THETA+ALPHA=(CC)

iF (XPNoEG-0.0R-RZoLTOCC*RRlaoO) GO To 150
LINEARLY INTERPOLATE PRESSURE GRADIENT

PN = (P2=Pl)/R2

G0 TO 160

CC = CcC+L0

3 = RR*SIN(CC)/COS({THETA+ALPHA=CC)

ust THREE POINT INTERPOLATION FOR PRESSURE GRADIENT
PN = (P24P3=2.0%P1)/(R2+4R3)

UV 2 Uss2+VEx2

FINO THE RADIUS OF CURVATURE
RS = =RxUV/ (PN}
AVERAGE TWO RADIUS OF CURVATURES

IF (JUUeEWe2) RS = (1,0~ALP)*RT+ALP*RS

RC = SQRT(RR2#2+KS*x2=2 ,0#RR*RS*SIN(THETA+ALPHA)Y)

0C THETA=ACOS( (RCx*2+RR%*#2=RS**2) /(2 + *RR*RC))

RR PLio)

THETC = ACOS((RR#%24RC**2=RS#%2)/ (2, *RR*RC))

THETA = THETC+0C

BETA = ATAN2(RC*COS(QC)=RR*COS(THETA) »RR*SIN(THETA)-RC*SIN(OC))
ALPHA = =BETA

WJdJ
wJdJ
wdJ
WJdJ
wJdJ
wJdJ
wJdJ
wJddJ
wJJ
WwJdJ
wJJ
wJdJ
wJdJ
wJdJ
WJdd
wJJ
wJdJ
wJddJ
wJJ
wWJd
wWJdJ
wJJ
wJdJd
wJd
wJJ
WJJ
wJdJ
wWJdd
wWJdJ
wJdJ
wJJ
WJJ
wJdJ
WJdJ
wJdd
wWJJ
wJddJ
wJJ
wJdJ
wJJ
wJdJ
WJJ
wWJdJ
wJdJ
wJdJ
wJJ
wWJdJ
wJJ
wWJdJ
wJdJ
wJJ
wJJ
WJJ
wJdJ
wJddJd

1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1510
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
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170

OO0

OO0

190
200

OO O0O0

210
220

[eNaKe!

UV = SQRT(UV)
UB = uUvxCOS(BETA)
VB = UVxSIN(BETA)

U = Ub*CUOS(THETA) +VB*SIN(THETA)
V ==US3*SIN(THETA) +VB*COS(THETA)
BK = THETA/DO

BB = RR**2*xSIN(THETA)

CALCULATE BOUNDAKY w'S

wWJ(MZr 1)z R*U*BB

WJd{M2+2) = (PR+R*Uxx2)*BB
wJd(M2s3) = RxUxVERRxuB

MO = BK

CK = M0

M3 = MO+2

IF (M3.,LT.M2) GO TO 210

INTERPOLATE EXTRA POINT AT M2

IF (BK.EW.FLOAT(MO)) GO TO 210

IF BK FALLS ON A GRID POINT IT IS NOT INTERPOLATED
K = M2

DO 170 Jz=1+3

RJIK+1pJd) = wWJ(Ked)

R1 = uyK-CK

IF (K141.0-10.0%R1) 190,180+180

LINEARLY INTERPOLATE FILL IN W'S FOR NEXT PLANE

CALL POLATE (WJ(K=191) rWJ(Ke1)s0rR1+1e0+0490+,R1¢100)
GO0 To 200

QUAGRATICLY INTERPOLATE FILL IN #*S FOR NEXT PLANE

CALL POLATE (WJ(K=251) s WJ(Ke1)rGrR1+2esR1+1e¢0e92R1+100)
My = M3+1

IPN = O

60 TO 22u

NO w VALUES NEED TO usE FILLED IN BETWEEN BOUNDARY AND GRID POINT
CLOUSES TU BOUNDARY

My = mM2

IPN = 1

IF (JJeEwe2) GO TO 230

JJ = 2

CC (THETA/DO=-FLOAT (IFIX(THETA/LO)) ) *00

Hn

KT RS
CALCULATE RADIUS OF CURVATURE AGAIN (FOR AVERAGING)

GO Tu lau

WJJ
wJdd
wJJ
WJdJ
"N
wJdJ
wJJ
WJdJ
wWJdJ
wJdJ
wJdJ
wJdJ
wJJ
wJdJ
wWJJ
WJJ
WJdJ
WJdJ
wJd
WdJ
wJdJ
WJdJ
wWJdJd
wJdJ
VN
wJdJ
WJdJ
wWJdJ
wWJdJ
WJdJ
wJdJ
wJdJ
WJJ
wWJddJ
wJJ
wJdJd
WJdJ
wJdJ
wWJJ
" N]
wJdJ
wJdJ
wJdJ
WJJ
wdJ
"IN
wJdJ
wJdJ
wJdJ
wJdJ
wJdJ
wJdJ
wWJJ
wJJ
wJJ

1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1300
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130 -
2140 i
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2150
2160
2170
2180
2190
2200
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230

240
250

26l

270

280

290

300

CONT INUE wJdJ
wdJ

BK«GT.42¢r DO REMAINS CONSTANT wWJddJ
wddJ

wJdJ

DO MUST oECOME TwICE AS SMALL SINCE TOO MANY RAYS HAVE BEEN LOST wJJ
' WJJ

LO 26U L=2+5 RN
DO 240 K=1+¢S wJdJ
K = p=N wJdJ
wWJJ

DOUBLE THE NUMBER OF PRESSURE VALUFS wWdd
wJJ

P(2*KeL) = P(K,L) Y
DO 250 K=1+3 wJdJ
CALL POLATE (P(2%KoL)sP(2%K+1oL)r1)4e?2er0er3.r1) wJdJ
U0 200 K=207 wJdJ
P(K=1sL) = P(KsL) WJddJ
wWJJ

THE ABOVE ASSUMES THAT A LINE BETwEEN BOUNDARY AND RAY WILL NOT BEwJJ
wJdJ

NN = q0+2 wWJdJ
MM = 2% (NN=1) wWJduJ
NM = MM+2 NN
D0 270 J=193 WJdJ
WJI(NMed) = WJ (MY J) wdd
U0 280 MN=2+NN wddJ
K = nN+2=N WdJ
D0 280 J=1+3 wJJ
WJ(2xK=29J) = WJ(Ke ) WJJ
wJddJ

CHANGE PARAMETERS TO COMPENSATE FOR SPITTING wddJ
v wWJdJ

UO 29u L=2+5 wJddJ
LL(L) = 2*LL(L)=2-MR wJdJ
BK = 2.0%BK W
DO = DO/se.0 wJdu
MO = gk "N
CK = mg wWJdd
wJddJ

EXTRA RAY MUST BE ADDED BETWEEN wOUNDARY AND UPPER RAY wdd
: wJdJ

CK = BK~CK wWJJ
CALL POLATE (wJUNM=4,1) yWU(NM=1+1)+1¢3,+CKr1e+CKr10.+CK2100) wJJd
00 3.0 L=2+5 wJdJ
DO 30U N=1+5 wJdJ
N = =N wJdJ
P(K+1sL) = P(K,L) wJdJ
LL(L) = LL(L)+]1 wJdJ
IF (L.NE.5) GO TO 31yu wWJdJ
PlisL) = PR wJdJ
CALL POLATE (P(1rL)aP(LoL) r1rCK+3492¢?0e13,01) wJdJ
GO TO 320 wddJ

2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2060
2670
2680
2690
2700
2710
2720
2730
2740
2750
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330

340
350

;3 CALL POLATE (P(2eL)eP(1oL)20r2er1lar0e?3601)

CONTINUE
NM = MM=2
DO 340 K=2/NM»2

CALL POLATE (WJ(Kel) pWJ(K+1¢1)91¢2,¢0¢9000¢1.0100)

KETURN
ENU

o7

wJd
wJJ
wJddJ
wJJ
wJdJ
wJdJ
wJdJ

2760
2770
2780
2790
2800
2810
2820
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10

U

30

40

50
60

70
80

90

100

110

120
130

140

PRES

SUBROUTINE PRES (MeN,II»PPesReKK) PRES
PRES

R IS DISTANCE FROM VERTEX TO PRESSURE ON NORMAL VECTOR PRES
PRES

COMMON /wJJPRE/ ALPHA»THETAWLL{(E) +PL(6)P(1005) PRES
COMMON /ALL/ DOeKR PRES
DIMENSION PR(o) PRES
R = RR*COS(THETA+ALPHA) /COS(FLOAT(N=2)*DO+ALPHA) PRES
0O 10 I=zlre PRES
L =1 PRES
IF (KJ.LT.PL(I)) GO TO 20 PRES
PRES

L IS THE PLANE TO THE RIGHT OF THE POINT ON THE NORMAL PRES
PRES

DO 30 I=1+6 PRES
K = LL(I)+1~-M PRES
PR(I) = P(K:I) PRES
IF (KKeNE«1leORI1JNE,2) GO TO 40 PRES
L=y PRES
60 10 80 PRES
PRES

NOT ALL PRESSURE VALUES ARE KNOWH UNTIL FIRST FIVE PLANES HAVE PRES
BEEiv COMPUTED PRES
PRES

IF (11.GEe5«ANDeLNE.1) GO TO 100 PRES
IF (I1eLTeS5eANDebL«GT.6=11) GO TO 100 PRES
PRES

EXTRAPOLATION 1S NECESSARY BELOW PRES
PRES

K = LL(bL)+1l=-M PRES
IF (Ks.LEe«&) GO TO 790 PRES
WRITE (6060) PRES
FORMAT (1H1,32HNOT ENOUGH PRESSURE VALUES GIVEN) PRES
STOP PRES
IF (L+2.LE«6) GO TO 90 PRES
CALL POLATE (PRIL) vPPs0PLIL)=PL(L+1)70e¢0.rR=-PL(L+1),1) PRES
GO TO 1&0 PRES
CALL FOLATE (PRL)ePPrOsPLIL)=PLIL+2)PLIL+1)=-PLIL+2) 0. R=PL(L+2)PRES
*91) PRES
GO Tu 180 : PRES
IF (((LeLTe6eO0RPLIE) «GTeR)eANDsKEQe2) eORW(K,EQe1.AND.PL(5),.GT,RIPRES
1) 6O 70 140 PRES
PRES

EXTRAPOLATE TO RIGHTY PRES
PRES

IF (KK.EQa.1) GO TO 120 PRES
IF (II1.G6T.1) GO TO 130 PRES
CALL POLATE (PR(5) ePPr0¢PLIS)=PL(E)+0er0srR=PL(E)} 1) PRES
60 T 180 PRES
L =35 PRES
CALL POLATE (PR(L=2)PPr0sPL(L=2)~RePL{L=1)=RyPLIL)=R+0erl) PRES
GO0 TG 180 PRES
IF (I1.EW.1) GO T0 1310 PRES
PRES

250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
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INTERPOLATE BELOw PRES
PRES

IF (KKeEweleANDeL.EG,6) L = 5 PRES

IF (PL(L)=R+GT+.R=PL(L=-1)) GO TO 160 PRES

IF (L+1.6Te6.0Re (KK EQeleANDL+1.6GT.5)) GO TO 170 PRES
150 K = LL(L=1)+1-M ’ PRES
PRES

USE L-1rLel#]1 PRES
PRES

IF (K.GT.6) GO TU 50 PRES
CALL POLATE (PRL=1)+PPs0sPL(L=1)=PL(L+1)PLOL)=PL(L+1)0s0.2R=PL(L+PRES
*¥1)el) PRES

GO T0 180 PRES
PRES

USE L=2,L=1rL PRES
PRES

170 K= LL(L=2)+1=M PRES
IF (K.GT.6)} GO TO 50 PRES
CALL POLATE (PRIL=2)sPPs0sPL(L=2)=PL(L)»PL(L=1)=PL(L)¢0e¢sR=PL(L)¢1PRES

*) PRES
180 RETURN PRES
END PRES

560
570
580
590
600
el0
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
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SUBROUTINE PROP3L (w,M)
COMMON /INPPRO/ GAM1,GAM2,GAM
DIMENSION W(g) eF(4),6(4)

PR3D
PR3D
PR3D
PR3D
PR3D

CALCULATE FLUID PROPERTIES FOR PRINT OUT IN CYLINDRICAL COORDINATEPR3D

XXX zw(4)

NOTE w(u)'S VELOCITY IS DISTRIBUTED TO wW(3)

w(4) = 0.0
G(3) = Wi3)/w(l)
6(2) = wilyg)/w(l)

A = GAM1I*W(2)/(GAM2=(3)%%2=6(2) x%2)
B = GAM2xW(1)%#%2/(GAMLI*W(2))

6G(1) = Ax(1.0=-SQRT(1,0~B/A)})

F(1) = w(1)/6G6(1)

6(4) = w(2)=F(1)*wW(1l)

F(2) = SORT(F(1)**2+G{(3)*%2+G(2)**2)
F(3) = F(2)/SQRT(GAM%G{4)/G(1))

F(4) = G(4)/(G{1)xxGAM)

T = GAM*G(4)/6G(1)
SHOWS THE RELATIVE ERROR IN THIS PROCEDURE
ERR = +5%GAM2~(«5*F (2) *%24GAM1+G(4)/6(1))

WRITe (6210) MoG(l)'G(u)vToFlu)oF(l)vG(3)uF(2)'ERRvF(3)
Gosimotizes) =

PR3D
PR3D
PR3D

PR3D.

PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D
PR3D

PR3D

PR3D
PR3D
PR3D

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
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20

30

SUBROUTINE PROPWJ (WJsKeFsQ@eNsLo 1)
COMMON /ALL/ DO!RR

COMMON /INPPRO/ OAM},GAM2,GAM
DIMENSION WJ(Le3)»F(1)9Q(1)

REAL M

COMPUTES FLUID PROPERTIES OF JET

FLOAT(1I=-2)*DU

RR&x2*xSIN(O)
wWJ(Ke3)/(RR*¥*WJ(Kel))

GAML1 2 WJ(Ke2)/ (GAM2=V%x%x2)
GAM2xwJ(Ke1) %52/ (GAMLIxWJ(Ke2))
8 = A%(1.=SQRT(1le=C/A))

B = wd(Ke2)=nJ(Krl)xx2/RB

P = pp/B

«{1l) = P

0
ts
vV
A
C
R
P

IF =3 RETURN WITH PRESSURE
6O Tu (1Us2030)r N

SOLVES FOR F FUNCTIONS OF w

F(1l) = -RB#*V
F(2) = =wJlKel)*V
Fl3) = =KR*(PB+RUAV%#2)

SOLVES FOR Q@ FUNCTIONS OF W

@(l) = 0O.U

W(2) = 2.%¥PB4+RB*VE%2
Gl3) = Rr*x3xpP*xC0S5(0)
60 1Tu 30

RETURINS WITH ALL OF THE FLUIL PRUPFRTIES

U = wJdlKe 1) /RB

Kk = RB/B .

M = SaRT((U**x2+V+%2)/ (GAMP/R))
Feis M

F(2) ATARN2(VeU) *180e/3.14159205
F{3)
Gll)
w2}
w(3)
RETUK
END

Huunnnnn
V<O

-

|

61

PRWJ
PRWJ
PRWJ
PRwWJ
PRWJ
PRWJ
PRWJ
PRWJ
PRWJ
PRWJ
PRWJ
PRWJ
PRWJ
PRwWJ
PRWJ
PRWJ
PRwJ
PRWJ
PRwJ
PRWJ
PRWJ
PRwWJ
PRWJ
PRWJ
PRWJ
PRWJ
PRWJ
PRwdJ
PRWJ
PRWJ
PRWJ
PRWJ
PRWJ
PRwJ
PRWJ
PRwdJ
PRwWJ
PRWJ
PRWJ
PRwWJ
PRWJ
PRWJ
PRwJ
PRWJ
PRWJ
PRWJ
PRwWJ
PRWJ
PRWJ

10

30
40
50
60
70
80
90 -
100
110
120 -
130 -
140
150 =
160
170 .
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
439
440
450
460
470
480
490~



’ SILFTC WIET LIST WJET
SUBROUTINE WJET (FrQ,WJdeWJSsLAML 1K) WJET

COMMON /ALL/ DOrRR WJET

DIMENSION WJ(100°¢3),wJS(1) WJET

DIMENSION F(3¢3)0Q(3+3)sFMI3)eFPL(3),QM(3)sQPL(3) »WM(3) yWP(3) wJET

REAL LAM] WJET

IF (K.NE.2) 60 TU 20 WJET

0O 10 J=1.3 WJET

1 = 100%x(u=1)+1 WJET

10 WJS(i) = 0.0 WJET

| C WJET
g C w'S AT AXIS ARE ZERO, BECAUSE RR 1S ZERO WJET
| C WJET
60 Tu 50 WJET

C WJET

C COMPUTE w'S AT S=.5 WJET

¢ WJUET

20 DO 30 J=1+3 WJET

WP (J) = JO*WJIKHLeU)+WI(KJ) +  LAMI*(F(Jr3)=F(Jr2)+,5%D0*(Q(J,3IWIET

£4G(Je2)))) WJET

30 wWMiU) = S*(WJIK=1e ) +WU(Ked) + LAMI¥(F(Jr2)=F(Jrp1)+.5%D0*(Q(J,2)WIET

*+Q(url)))) WJET

C WJET
C FINGD F AND Q'S OF W AT S WJET
C WJET
CALL PROPWJ (WP leFPLIQPL2»1v1,K) WJET

CALL PROPWJ (WMo leFMeQMoel1lrlrK) WJET

. U0 40 JZ1e3 WJET
C WJET
c STORE VALUES IN wECREMENTS OF 10u» BECAUSE DIMENSIONS OF W WJET
C WJET
I = 1u0x(Jd=-1)+1 WJET

C WJET
C CALCULATE W'S FOR NEXT POLAR PLANE WJET
C WJET
40 wJdS(L) = WJIKsJ)+LAMI*(FPL(J)=FM(J) ++5%DO* (QPLIU)Y+QOM(U) ) ) /(1 o+ e S*LWJET
*AM1l*,0u) WJET

SU RETUKIN WJET
END WJET

62

300
310
320
330
340
350
360
370
380
390



‘ SIBFTC JETS LIST
SUBROUTINE JET (PrANS»LLrRHOrJ1 v J2»RKR)

OO0

OO0O0On

10

OO0

20
30

[aNaNeNg]

OO0

OO0

Y

el eXaNg]

40

COMMON /INPJET/ R(30)ANGL(30)¢B(30),Y(30) s MN(30)

DIMENSION P(3001060),PP(3),PS(3)6A(Y)

INTERPOLATES ONE w VALUE AT A TIME

60 TO (1ur50)s Lo

S IS THE DISTANCE FROM THE POLAR CENTER

CYLINDRICAL PLANE

S

ANG 1S THE ANGLE BETWEEN THE POLAR AXIS AND THE GRID POINT

SURT(RIR*¥%2+Rri0O*%2)

ANG = ATAN2(RHO/KR)
DO 20 Izl.J2

1F
L

(5LTR(I)) GU TC 50
i-1

L IS POLAR PLANE JUST UP STREAM OF GRID POINT
1 1S POLAR PLANE JUST DOWN STREAM OF GRID POIMT

11
Do

= I+]
= ANGL (L)

C B alG/u0+2,U

K
K
C
C
L1

L2
IF

STeP SIZES ON PLANE L wILL BE HALF AS LARGE Ag I SINCE PCLAR JET

1

I5 FRACTION OF ANGLE TO GRID POINTS MEASURED FROM K

S POLAR RAY JUST GELOW GRID PUINT

C

C-FLUATI(K)
0
1
(1.NE.J1) 60 10 4y

ANGLE »DUs CHANGLS

Ll
L
LL
L9
K1l
K2

K2
Lo

i
2
'

IS RAY BELOW ORID POINT ON CYLINDRICAL PLAME
= K
IS RAY ABOVE WRID POINT ON CYLINDRICAL PLANE

= K#]
oy KzK1eK2

(VERTEX)

JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS

TO A POINT ON THEJETS

JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS
JETS

170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490

500

510
520
530
540
550
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OO0 e NaXe] OO0 [sNeXe) OMNOOO aNeNe]

OO0

OO0

60

70

80

90

100

IF STEP SIZES ARE DIFFERENT BETWEEN L AND I ARRAY K PASSING THRy

L MAPS INTO 2(K=1) IN I

N = K1+43-K

K3 = L2*x(K-L1)

IF (IFIX(B(I))+2.LT,K3) GO TO 80
PP(1) = P(I,KJ3)

PP(2) = P(LsK)

LINEARLY INTERPOLATE VALUES ON RAYS TO CYLINDRICAL PLANE

CALL POLATE (PPePPIN)»0+sR(IV=R(L)¢N.000s0¢S=R(L)s1)

LINEARLY INTERPOLATE BETWEEN ARRAYS ON CYLINDRICAL PLANE TO GRID

POILNT

CALL POLATE (PP(2)rANS+0r140+040¢0,0¢Cel)
RETURI

TREAT INTERPOLATION CLOSE TO BOUNDARY

BA(1) = B(L=1)*xANGL(L-1)
LO 9U J=L Il

Kod=-L+1

BA(K+1) = B{J)*ANGL (J)
NM = MN(J)

PS IS W VALUE LOCATEL FROM L=l PLAME TO Il PLANE AT BOUNpARY

PS(K)=P(JsNM)
IF (K.EG.K2) 60 10 190

K1 RAY IS CLOSE TO BOUNDARY

ANG = FLOAT(K1=2)#*DO

INTERPOLATE DISTANCE BETWEEN BOUNDARY OF JET aND AXIS OF JET AT

THE CYLINURICAL PLANL BASED UPON ANGULAR VALUES

CALL POLATE (Y(L)/ANS,0+BA(2)+BA(3),BA(4)9ANG,1)

SS IS LENGTH OF KAY FROM PLANE L TO BOUNDARY AND PP(1)

VALUE ON RAY K1

SS = ANS/SIN(ANG)=R(L)

CALL POLATE (PSePP(1)+0,BA(2)+BA(3)»BA(H)2ANG,1)
PP(2) = P(LeKl)

CALL POLATE (PPePP(3)90055¢0.0+/0+0,S=R(L)21)

K2 RAY IS CLOSE TO BOUNDARY

ANG = FLOAT(K2=2)*DO

CALL POLATE (Y(L=1),ANS»0sBA(1)+BA(2)rBA(3)+ANG,1)
5SS = ANS/SIN(ANG)

IF (55.LT.5) GO T0 1io0

JETS 560
JETS 570
JETS 580
JETS 590
JETS 600
JETS 610
JETS 620
JETS 630
JETS 640
JETS 650
JETS 660
JETS 670
JETS 680
JETS 690
JETS 700
JETS 710
JETS 720
JETS 730
JETS 740
JETS 750
JETS 760
JETS 770
JETS 780
JETS 790
JETS 800

JETS 810

JETS 820
JETS 830
JETS 840
JETS 850
JETS 860
JETS 870
JETS 880
JETS 890
JETS 900
JETS 9190
JETS 920
JETS 930
JETS 940
JETS 950
JETS 960

15 BOUNDARYJETS 970

JETS 980
JETS 990
JETS1000
JETS1010
JETS1020
JETS1030
JETS1040
JETS1050
JETS1060
JETS1070
JETS1080
JETS1090
JETS1100




OO0

OO0 OO0 OO0

110

REPEAT ABOVE PROCEDURE BELOW FOR RAY K2

CALL POLATE (PS*PP»0,BA(2)BA(3)BA(4))ANG,1)
PP(2) = P(L»K2)

CALL POLATE (PP+PP(2)+0sSS=R(L)rUe0r0e0eS=R{LI?1)
60 TO 70

PP(1)
PP({2)

3(I)+2.0-FLOAT (K1)
B(L)+2.0-FLOAT (K1)

DETERMINE DISPLACEMENT GRID POINT 1S FROM RAY Kji
CALL POLATE (PPeANS,(QeR(I)=R(L)+0e0r00,S=R{L)r1)
FIND BOUDARY VALUE S DISTANCE FROM POLAR CENTER
CALL POLATE (PSePP(2)90sR(L)yR(I)sR(I+1)+Ss1)

INTERPOLATE VALUE FROM BOUNDARY VALUE AND RAY K1 VALUF ON
CYLINURICAL PLANE

CALL POLATE (PP(2)2AlS»02ANS»0.0,0,0¢Ch1)
KETURN
END

JETS1110
JETS1120
JETS1130
JETS1140
JETS1150
JETS1160
JETS1170
JETS1180
JETS1190
JETS1200
JETS1210
JETS1220
JETS1230
JETS1240
JETS1250
JETS1260
JETS1270
JETS1280
JETS1290
JETS1300
JETS1310
JETS1320
JETS1330
JETS1340




$I6FTC POLATE LIST POLA

SUBROUTINE POLATE (WeANSILIR1sR2/R3pR2 M) POLA
DIMENSION W{1) s AINS(]) POLA

C POLA
C THIS ROUTINE DOES BOTH LINEAR ANL QUADRATIC INTERPOLATION OR POLA
o EXTRAPOLATION ' "POLA
C POLA
NN = | POLA

C POLA
C M=1Uu IS FOR SELECTION AND STORAGE OF THREE W VALUES POLA
C POLA
IF (M.,£Q.100) NN = 3 PoLA

C = U.0 POLA

DO 20 N=1lsNN POLA

K1l = Mx(iN=1)+1 POLA

C POLA
o L 1Is THE INCREMENT OF THE SUUBSCRIPT FROM WHERE SEQUENTIAL VALUES POLA
C wliL sE PROCURED POLA
C POLA
K2 = Kl+1+L POLA

K3 = Kl+2x(1+L) POLA

C POLA
C IF R = 0. INTERPOLATION IS LINE&R POLA
C POLA
C = ((WK1)=W(K2))*(R1-R3)~(w(K1)=w(K3))*(R1=R2))}/((R1-R2)*(R1-R3)POLA

¥ (Rg=R3)) POLA

10 b = (WIKL)=W{K2)=C*(R1*%2=R2%*2))/(R1=-R2) POLA

A = w{K1)=-B*R1=C*R1xx%x2 POLA

20 ANS(K1) = A+B*R+CAR*%2 POLA
RETURI POLA

(AN POLA

$IpMAP FILLES
ENTRY «UNQB

* SETS uP JET TAPE FOR OUTPUT
UNITU8 FILt e3(1) e RLADY »BIN/BLK=256, INOUT ¢ HOLD +HIGH
END

66
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20
30
40
50

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320



APPENDIX B

FIVE~JET INTERACTION PROGRAM

Input Cards Format

FORTRAN Listing
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LIST 5JET 10

5JET 20

SJET 30

S5JET 40

5 = UET PROGRAM S5JET 50
SJET 60

5JET 70

5JET 80

COMMOIN /INPROP/ GAM,GAML s GAMZ o MMy N, BCD S5JET 90
COMMOIN /INOUT/ LMIN,LMAXoMI»IJLy IFLG,IDIVeJUMP»JUMPL,LAMUGAM3»ASOSJET 100
*9AS1 o AS2)FACTORPRDJ»C19C29CCrALF,TT»TS»DPRNT»CN,CXR,DLL,CL1 SJET 110

DIMENSION WW(br5)y» W3D(3+r8002),RX(3)»DRI3)#MAXL(3),XX(20)eYY(3) SJET 120
*¥rF(4e8003)eG(UrBUrI)yWL(4)»W2(4) »W3(4) )y WHIH)»FLI4)»F2(4)»61(U4)9)G2(SJET 130
L) UM (4) dRWVP(4) P RUVPLL) s Y(3) oS (4) »W13(80+80) ,W24(80,80) rW(4) SJET 140

* s NE(3) o NJE (390 300) SJET 150
REAL LAMD,LAM]1,LAM2 SJET 160
ODATA CDL/1HN/BCD2/1HJ/ v BCD3/1HEY SJET 170

SJET 180

S5JET 190

REALU INITIAL CONDITIONS OR DATA PARAMETERS FOR CONTINUATION RUN  SJET 200
5JET 210

SJET 220

READ (5010) LMIN/LMAX MOy IJL» IFLGY IDIV,JUMP,JUMP1,LAMOD»GAMI»ASO»ASISJUET 230
11 AS2,FACTORYRDUPCLrC22CCoALF»TToTS,DPRNT CNeCXR,DLLSCLL SJET 240
10 FORMAT (8I10/(8F10.5)) SJET 250
SJET 260

ADLV DIVIDES INTO LAMY UNTIL INTERACTION STARTS SJET 270
SJET 280

ADIv = IbIlV SJET 290
IF (JUIv.EQ.0) AULlV = 1,0 SJET 300
LMAX = LMAX+1 5JET 310
S5JET 320

AXIS OF CENTER JET TU ACTUAL INTERACTION PLANE CREATES A TEMPORARYSJET 330
FINcR MESH S5JET 349
IuK = 0» A SIMULATED MESH CHANGE DOES MOT OCCiJR SJET 350
IJK =1y DY/72 CREATES A TEMPORARY FINE MESH SIZE 5JET 360
IJk = 2, A SIMULATED MESH CHANGE DOES NOT OCCyR 5JET 370
IUK =3» RELOCATIUN OF WALL BY DOUBLING THE NO, OF INTEKVALS FROM SJET 380
SJET 390

IUK = 0O SJET 400
IF (2«MQO+psLE.BO) IUK = 2 SJET 410
IF (JUMP1l.GT LMIN) TJUK=ZIJK+] 5JET 420
MI = MO SJET 430
IF (JuK.eGe3) MO = 2%MQ SJET 440
RDJ = RDJ/CN SJET 450
RR = RDJ 5JET 460
UY = RDJU/FLOAT(MU) 5JET 470
LYy = Ly SJET 480
IF (1UK.,EGe1) DY = DY/2.0 S5JET 490
CONST = (DL1+41.0)72,0%(CL1=0,5)/0e5+(DL1=140)/2.0 SJET 500
ITesT = 1 SJET 510
SJET s20

MB REPRESENTS INTERACTION wALL MIDwAY BETWEEN M=5 AND M=M2 S5JET 530
SJET 540

MB = MO+5 SJET 550

69



OO0 OO0

e NaRe]

OOOO0O0O0 OO0

o000

OO0

ONE JET*S CENTER IS AT M=% THE OTHER IS AT Mz=M2

M2 = z*Mu=5

MBC = Mp

MBO = MBC

MC IS AUXILIARY GRID LINE TO RIGHT OF 3-D REGION

MC = mMB+1

MA 1S AUXILIARY ORID LINE TO LEFT OF 3=D REGION

MA = MB

NB 1S MAXIMUM 3-0 CALCULATED GRIU LINE IN Z DIRECTION

Ny = ¢

SJET 560
SJET 570
SJET 580
5JET 590
SJET 600
SJET 610
SJET 620
SJET 630
SJET 640
SJET 650
SJET 660
5JET 670
SJET 680
S5JET 690
SJET 700
SJET 7190
SJET 720
5JET 730
SJET 740

NBP 15 AUXILIARY GRID LINE AOVE NB IT IS FILLED IN WITH JET VALUESJET 750

NBP = NB
ANB = 0.0
ICRT = 0O

PHY = 7853982

IF CONTINUATION KUN |S MADE, INFORMATION FROM PREVIOUS RUN IS
OBTAIN HERE

SJET 760
S5JET 770
SJET 780
SJET 790
5JET 800
SJET 810
5JET 820
5JET 830
SJET 840
SJET 850
5JET 860

IF (LMINONE.1) READ(2) LAMO,LAM1,GAM/MO»RR/NB)NBP»MA,ENTHsW13,W24»SJET 870

*LPLANE » M3 C o MCoNX
GAM3 = GAM

PRINT TITLE PAGE
WRITE HEADER AND INPUT CONDITIONS

CALL WwRITES (1)

MA3D = MA=-1

GAM] = GAM/(GAM=1.,0)

GAMZ = (GAM+1,0)/(GAM~1,0)
H = S95%GAMZ

XUDIST = U.0

LPLANE o LMIN

JET TAPE 1S READ BELOW

Lo 2u 1I=1.19
xX(1l) = 0.0

20 IF (I LT+3) YY(I) = y.0
GO Tu 50

30 RX(3) = Rx(2)

70

SJET 880
5JET 890
SJET 900
5JET 910
5JET 920
S5JET 930
5JET g4q
SJET 950
SJET 960
5JET 970
5JeT 980
5JET 990
5JETy000
SJET1010
5JET1020
S5JET1030
SJET1040
SJET1050
S5JET1060
5JET1070
5JET1080
5JET1030
SJET1100
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OO0

eNeNeoNaKe]

aNeNaNel

Y(3) = Y(2) SJET1110
DR(3) = bR(2) 5JET1120
MAX1(3) = MAX1(2) SJET1130
MAXX = MAX1(3) SJET1140
DO 40 M=2,MAXX 5JET1150
DO 40 I=1.3 5JET1160
40 w3D(IeMe2) = W3D(IM, 1) SJETL170
50 READ (1) XDeRX(2)eDXsY(2),DR(2) s 1AX1(2) o ((W3D(IpJ0r1)eT1=1+3)»0=1,805JET1180
%) SJET1190
IF (RiteNELRDJ) GO TO 110 SJET1200
LO ey Iz1.19 SJET1210
J = 20=1 SJET12290
XX(J+1l) = XX{(J) 5JET1230
60 IF (U LTe3) YY(J+1) SJET1240
XX(1) = Rx(2) 5JET1250
YY(1) = y(2) SJET1260
5JET1270

IF PLUME OF JET 1S LESS THAN INTERACTICON DISTANCE CONTINUE TO RFADSJET1280
JET TAPE SJET1290
SJET1300

IF (Y(2).LE.RDOJ) GO TO 50 SJET1310
CALL INTRP (YY»RUJeXX2»RR) SJET1320
5JET1330

RRUJ 1S DISTANCE FROM NOZZLE EXIT INTERACTION OCCURS S5JET1340
SJET1350

KRDJ = RR 5JET1360
RXP = CHh*¥RR-CXR 5JET1370
WRITE (6070) RXP SJET1380
70 FORMAT (36Xe22HINTERACTION WiLL OCCUR'F1l0.5028H EXIT RADII FROM NOSJET1390
2 Z22LE EXIT//7777) SJET1400
HJET1410

5JET1420

CALCULATE SHOCK PROPLRTIES BELOW SJET1430
SJET1440

SJET1450

NX = 1 S5JET1460
88U MM = WAX1(2) SJET1470
SJET1480

FIRST SHOCK PROPLRTIES DETERMINEL ARE USED IN THE REGION OF M=Mp 5JET1490
AND NzMBE=3 SJET1500
S5JET1510

IF (1yXeEQe2) KX = MB=-y SJET1520
NX = X+l SJET1S30
wl(l) = w3D(L,MMr1l) SJET1540
wl(z) = w3D(2, MM, 1) 5JET1550
wl(3) = w3D(3eMMs1) SJET1560
wWl(gq) = 0.0 SJET1S70
CALL PROP (W1 UQMeRWVYP+S) 5JET1580
TNB = (RawVP(3)/7UQM(1) ) *x%x2 SJET1590
SN = Tho/(1.+TNop) 5JET1600
P (= (UGM(3)x%2+24) /UQM(3) ¥k o=GAMXGNB) /3. 5JET1610
U = (ce#UQM{3) %241 ,)/U0M(3) *x4+ ((GAMFLe) *¥*x2/4 e+ (GAM=1,.)/UQM(3) x*25JET 1620
*) xShp 5JET1630
R = (SNE=1le)/UQM(3)%xxy4 S5JET1le40
A = Q=3.xP%x*2 5JET1650
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[aXaNg]

90

100

110

B = R=-Px@=2.%ABS(P)*»x3,

PHI = (ACOS(=.5%B/{ABS(A)/3e)%%1,5))/3.
AA = 2.%SQRT(=A/3,.)

P13 = 2.0943952

YY(1) = AA*COS(PHI)=p

YY(2) = AA*COS(PHI+PI3)=P

YY(3) = AA#COS(PHI+2,*PI3)=p

B = AMAX1 (YY{(1l)rYY(2))

IF {YY(3).LT.8) B = AMAXLI(YY(3),AMINLI(YY (1) rYY(2)))
AM = UQAM(3) **2%B

PPpP (2 *GAMXAM=GAN+1,.)/ (GAM+1.)

RRR (GANM+1,) *AM/ ( (GAM=1,) *AM+2,)

B = AMX(GAM+1,)**2

PR = PPP/RRR

AM2 = (UWM(3) +%2*%B=4 ,x (AM=1,) x(GAMXxAM+14) )/ (BxPR)
RJB = RwVP(1l)
U3 = uGM(l)
Qs = RwWvk(3)
Pug = RuWvP(4)

G2 = SQRT{U3D**2+0UB£x*2~-GAM1*PUB/KJ3*2+0* (PPP/RRR=1.0))
wl3(MseNX) = @2*RJBxRRR

wad (M e NX) Q2* 4 2*xRJYB*RRR+PIZ*PPP
w13 (hXxeM3) 0.0

W24 (NXsMZB) = 0.0

W13 (ME+1eNX+1) W13 (MBoNX)

w24 (Mi3+1oNX+1) wWay (M3 e NX)
wl3(NX+1oMbB+]1) W13 (NXyMRB)
wWeld(nux+leMB+1) W24 (NX»MB)

60 Tu 29u

LAM]L = FACTOR*SORT(AM2=1.0) x ALF

Wi nn

DETerMINE ACTUAL STARTING DISTANCE FROM NOZZLE EXIT
RR = RR=LAM1Xx0Y
CALCULATE INITIAL LaMl

LAMl = LAM1/ADIV

BACKSPACE 1

DO luvu I=1.20

IF (XX(1).GT.RR) BACKSPACFE 1

GO Tu S0

IF (kX{2)LT.RR) GO TO 30

READ (1) KeRX(1)rKeY(1)9DRC1) e MAAL(L)
BACKSPACE 1

FIND RADIUS OF JcT AT GIVEN DISTANCE FROM NOZZLE EXIT

CALL INTKRP (RXeRReY,Y3D)

Jd = 0
Kl = 1
Ke = 1
JKL = 0
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5JET1660
SJET1670
SJET1680
S5JET1690
5JET1700
5JET1710
S5JET1720
SJET1730
SJET1740
5JET1750
SJET1760
SJET1770
S5JET1780
SJET1790
SJET1800
SJET1810
S5JET1820
SJET1630
S5JET1840
5JET1850
SJET1860
SJET1870
SJET1880
SJET1890
5JET1900
SJeT1910
5JeT1920
SJET1930
SJET1940
SJET1950
SJET1960
SJET1g70
SJET1980
SJET1990
5JET2000
SJET2010
S5JET2020
S5JET2030
S5JET2040
5JET2050
SJET2060
SJET2070
5JET2080
5JET2090
S5JETZ2100
5JET2110
5JET2120
SJET2130
5JET2140
5JET2150
SJET2160
SJET2170
SJET2180
SJET2190
SJET2200
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Jdd = 1 SJET2210
NB = NB 5JET2220
IF (RR.LT.RRDJ) GO TO 140 SJET2230
SJET2240

COMPUTE 4=D REGIUN IN 2 DIRECTION $JET2250
SJET2260

ANB = 2.u+SART((YBD/ (LAMOXDY ) ) *%2=(DYY/DY*FLOAT(MB=5)/LAMO) %%2) SJET2270
NB = ANB+1.0 5JET2280
IF (NUsLE.MB=3) GO TO 130 5JET2290
DL = FLOAT (M2=5) *Dy SJET2300
DLL = DL*COS(PHY) SJET2310
ANG = DLL*(1.0+SQRT(1.0+(YBD**2= L +%2)/DLL#%2))*xSIN(PHY)/(LAMO*DY)SJET2320
* 42,0 SJET2330
N = ANB+1.0 SJET2340
ANB = (ANB=2.06)*LAMO*xDY*CN 5JET2350
NBP = NB+1 SJET2360
IF (nBP.GT.80) CALL pump SJET2370
J =z 0 SJET2380
J = Jdtl SJET2390
JJd = JJd+l SJET2400
5JET2410

EXPANG 3«0 REGION IN Y DIRECTION IF K1 AND/OR K2 5JET2420
5JET2430

IF (MBC.NE«MB.AND.K2,EQ.,1) MBC = MBC+1 5JET2440
IF (MisCeuTe80) CALL pUMP 5JET2450
IF (Kl.Ewesel) MA = MA =} S5JET2460
IF (MACLT.4) MA = 4 5JET2470
MAA = MA SJET2480
MAX = MA 5JET2490
N = 1 SJET2500
IF (LPLANE.EQ.1) GO TO 160 SJETZ2S510
Kl = 2 5JET2%20
Ke = 2 SJET2530
MPE = NRP SJETZ2540
IF (UJd.E@.l) nPB = NuB SJET25%0
S5JET25%60

SJET2570

5JET2580

BELOw JET VALUES ARE CALCULATED NnD ARE FILLED INTO THE MESH WHEN SJET2590
IT 1S5 NECESSARY SJET2600
SJET2610

SJET2620

S5JET2630

LO 270 NM=2 ' NPBeNJ SJET2640
IF (JJJUeNEelANDeNeNELMNN) GO TO 270 S5JET2650
MU = 1 SJET2660
S5JET2670

THe FOLLOWING TWO STRINGS OF IF STATEMENTS DETERMINE WhICH POINTS SJETZ2680
MAY WEED JET VALUES SJET2690
5JET2700

IF ((NelL eNBB,OReJsEQel) «s ANDJMBC o NE o MB) SJET2710
IF (UJJ.GE«2) MJ = MM=MA YJET2720
IF (MJeEQeOeORMAJNE.MAA) MU = | S5JET2730
IF (LPLANE«EQe1eAND UJLEQ,1AND« IFLGLEQL D) SJET2740
IF (N.GToNBB.AND'JUEQQZQANDOI'VIBCQLQ.MB) f)JETe?:)O
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OO0
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170

180

190
<00

IF (MBC.NE.MB) MAX = MBC 5JET2760
DO 260 M=MA,MAXrMJ SJET2770
IF (NeGT.M=3) GO TO 240 S5JET2780
IF (JJJeNEs1+ANDeMNEMM) GO TO 260 SJET2790
IF (LPLANE.EQ.1+0ReJUNES1) GO TO 170 SJET2800
IF (K1+EQel sAlNDMEQ.MA) GO TO 240 SJET2810
IF (K2eEQelsAidDeMeEQ.MAX) GO TO 260 SJET2820

SJET2830
AN IS 2 DISTANCE OF GRID POINT FROM CENTER JET 5JET2840

SJET2850
AN = FLOAT(N=2)*LAMg SJET2860

S5JET2870
AM 15 Y OISTANCE OF GRID POINT TO CENTER JET OR M=M2,wHICH EVER SJET2880
JET CENTER IS CLUSES SJET2890

5JET2900
AM = IFIX(DYY/DY)*x{M5=5)+M=Mg 5JET2910
IF (M.GT.MB) AM = IFiX(DYY/DY)*(MB~-M2)+M=MB 5JET2920

SJET2930
RHO 1S ACTUAL DISTANCE FROM GRID POINT TO CENTER JET OR M=M2 JET SJET2940

SJET2950
RHUO = DY*SQRT(AN*¥24aM%%2) SJET2960
IF (RHO.GE.YBD) GO TO 180 SJET2970
IF (MoeNE.MBeORNeLT NBeORJNLLEJNBB)Y 60 TO 190 SJET2980

SJET2990
CALCULATE JET PROPERTIES FOR PARTICULAR MESH POINT SJET3000

SJET3010
CALL JET (W3D+RUVPrYUD+DReMAXIsYeRXeRRy1) S5JET3020

5JET3030
COMPUTE REFERENCEL ENTROPY S5JET 3040

SJET3050
IF (LPLANEEQel) ENTH = CC*RUVP(i4) /7 (RUVP(1)*%xGAM) SJET 3060
GO TO 200 5JET3070
CALL JUET (W3D+RUVPYRHO'DRIMAX1rYrRXRR»2) 5JET 3080
RJb = RUVPI(1) SJET3090
U3D = RUVP(2) SJET3100
GB = RUvP(3) SJET3110
PJB = RUVP(Y) 5JET3120
IF (A;"I.EQOUOOQANU.AN'EQOO.0) QU - OQU 5'JET3130
ANG3 = 1.5707963 SJET3140
IF (AMJNEL0+0) AING3 = ATANZ(ANrA#r) 5JET3150
IF (AMNeEWe0.0) ANG3 = 0.0 5JET3160

5JET3170
bELOw IS DETERMINED THE COMPONENT OF VELOCITY IN THE PLANE V3Dew3DSJET3180

SJET3190
IF (NoNE M=3,0RsNsLE.NBB.ORMBCEQ.MB) GO TO 210 SJET3200
ANG2 = ATAN2(ANFLOAT(M=5)) 5JET3210
VB = wB*COS(ANG3-ANG2) SJET 3220
V3D = ViB*COS(ANGe) SJET3230
W3D = VBASIN(ANGEZ) 5JET3240
0O Tu 22U SJET3250
V3D = QB*COS(ANG3) SJET 3260
IF (NeEQe2e ANDeMaGT MBeANDeM LT, M2) V3D = =V3D SJET3270
W3D = QR*SIN(ANG3) SJET 3280
IF (MoEQeMBoANDeNsLToM=3) V3 = a0 5JET3290
wl(l) = wl13(MsN) SJET3300

T4
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30

240

250

26U

wl(2) =
wles) =
wl(yg) =

w24 (M,N)
W13 (N, M)
w24 (N, M)

IF (UJeNE.1.ORLPLANE.EQs1) GO TO 250
CALL PROP (W1rW2/RWVPs5)

C1 1S TOLERANCE APPLING TO MA EXPANSION

C =

Ce 1S TOLERANCE APPLING TO MpC EXPANSION

C1

IF (M.EQ.MBC) C = C2

IF ANY OF THE FOLLOWING FOUR TEST TRANSFERS TO 230 THE 3-D REGION

Wik

IF
IF
IF
IF
60
1F
1F
IF
IF
IF
1F
6O

A TRIANGULAR STOKAGE MATRIX STORLS HALF THE W PROPERTIES IN THE
LOWER RIGHT HAND TRIANGLE AND THE OTHER HALF OF w'S IN THE UPPER

L EXPAND

(ABS(WB=SQRT (RWVP(2) x%24RuVP (3) x%2) ) «GT+C*aB)

(ABS(U3D-W2(1)) «GT,C*U3D) 6O TO 230
(ABS (RJB=RWVP (1)) ,6T.C*RJB)
(ABS(PJB=RWVP(4)) ,GT,C*xPJB)

TO 240
(Mo EG o MA)

Ki =1

(M.EQ.MBC) K2 = 1
(.\1OEQOIGANDOMAQEGQMAX) GO T

(MeEQeMAX o ANDeNoEQeNPBAND (K1 +eFEQelsOReK2.FQ,1))

GO TO 230
GO TO 230

0 140

(NeEGeMA=3,ANUK2,EQe1) GO TO 140

Tu 260

LEFT rAND PART OF THE MATRIX

W13
wey
wld
wek

CLA
NJE
NJE

ICN
1F

NJE
NJE
NJUE
1F

Coli

(moeN)
(Mo N)
(INe M)
(e M)

"W w oy

RJUB*U3D
RUB*UID*x2+PUB
RJB*U3D*V 3D
RJB*¥U3D*W3D

SLIFY EACH JET GRID POINT

= 1. PRINT J FOR AUXILIARY JET POINT

GO TO 230

GO TO 140

SJET3310
SJET3320
SJET3330
SJET3340
5JET3350
SJET3360
5JET3370
5JET 3380
SJUET3390
SJET3400
SJUET3410
SJET 3420
S5JET3430
SJET 3440
SJET3450
SJET 3460
SJET3470
SJET3480
SJET3490
SJET3500
SJET3510
5JET 3520
5JET3530
SJET 3540
SJET3550
5JET3560
S5JET3570
SJET 3580
5JET 3590
SJET3600
5JET3610
5JET 3620
5JET3630
SJET3640
SJET3650
S5JET 3660
5JET3670
SJET 3680
S5JET 3690
SJET3700
5JET3710
SJET3720
5JET3730

= 2+ PRINT E FOR JET PROPERTIES UQUE TO 3-D ENTROPY VALUE BEINGSJET3740
LESS THANN REFERENCE pNTROPY

T = ICKT +1}
(ICNT.GT«300) CALL DUMP

(1eICNT)
(e ICNT)
(3, ICINT)

(JJJ.rGe2

TIWUE

~ 1N

N
M
1
NJE (3, JCNT) = 2

JdJdz=1r FUOR AUXILIARY JET POINTS

-3
N

SJET3750
SJET3760
SJET3770
SJET3780
SJET3790
SJET3800
SJET 3810
SJET 3820
SJET3830
SJET3840
SJET3850



JJdJd=2» FOR ENTROPY UgT POINT S5JET3860

=)
JJUJ=3,4, AND 5 FOR AUXILIARY FILL IN JET POINTS WHEN MESH CHANGES SJET3870

wn

[eNaNeXe NN

SIZES SJET3880
SJET3890

GO TO (270032003609360+360)» JJJ SJET3900

270 CONT iNUE 5JET3910

C 5JET3920
C SJET3930
C S5JET3940
(o THIS ENDS THE CALCULATION OF JET POINTS SJET3950
C 5JET3960
C SJET3970
C 5JET 3980
Kl = 1 5JET3990

K2 = 1 SJET4000

IF (NnBP.EQ.NB) NBP = NB+2 SJETL010

IF (U.EQ.1) GO TU 150 S5JET4020

IF (NB.EG.2) NB = 3 SJET4030

IF (MBC.GENBP+3) GO TO 280 SJET4Q40

C SJET4050
C IF N IS LARGER THAN M=3,ADDITIONAL AUXILIARY JET GRID LINES MUST SJET4060
c bBE ADDED TO MBC SJETL4070
C SJET4080
MAA = MA SJET4090

Jd =z 2 SJET4100

ud = 2 SJET4110

MA = MBC+1 SJET4120

MBC = NBP+3 SJET4130

. GO TO 16U SJET4140
280 MA = MAA S5JETY4150

C SJET4160
C CALCULATE SHOCK POINTS SJET4170
C SJET4180
IF (NXeEQe2+ANDeNB+GE ,MB=3,AND.IFLG.NE,0) GO TO 80 SJET4190

IF (LPLANE.NE.1) GO TO 290 SJET4200

IF (1FLG.EQ.0) GO TO 330 5JET4210
W13(Mise3) = W13(MBr2) SJET4220

w24 (e 3) = wodlmBe2) SJETH230
wW13(3,MB) = w13(2,MB) SJET4240

w24 (3/MB) = W24(2,MB) SJETY250

GO TO 330 SJET4260

290 NN = HBB + 1 S5JET4270
300 NN = NN = 1 SJET4280
MM = MC SJET4290

IF (M3« NEJMBC) M = MBC+1 SJET4300

310 MM = MM=1 SJET4310
IF (WNeGT MM=3) GO TO 300 SJETW320

wll) = W13(MMyNN) SJET4330

wi(2) = we4 (MMyNN) SJET4 340

w(3) = W13(NNeMM) SJET4350

wll) = weu (NN,»MM) SJETLU360

CALL PROP (WoUQMIRWVP¢S) SJET4370

C S5JET4380
C COMPARE THE ENTROPY AT EACH 3=D MESH POINT WITH THE REFERENCE SJET4390
C ENTROPY SJET4400

76
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320

OO0

OO0

330

OOOO0O0

340

e XaXe

IF (UGM(4) +GT.ENTH) GO TO 320

REPLACE 3~D VALUES WITH JET VALUES

J = 2

JJd = 2

JJJ = 2

NJ = NN=2

IF (NJE@.0) NJ = 1
60 TO 160

UM1 = ABS(ATAN2 (ABS(RWVP(3)) sUaM(1))=UU)
UM = ABS(ATAN2(ABS(RWVP(2))»UGM(1))+UY)
IF (UMl.GT.UM) UM = yM1

IF (MM.EQ.MBC,ANDNN,EGQG,NBB) UN = UM

UN = AMAX1 (UN.UM)

IF (MMeGT.MA3D) GO TO 310

IF (NN.GT.2) GO TO 390

FIND MINIMUM LAML

LAM1 = FACTOR/TAN(UN)
IF (RR.LT.RRDJ) LAM1 = LAM1/ADIV

LAMZ IS LAM1 FOR 5-JeT CONFIGURATION

LAM2 = LAM1/LAMO
IF (LPLANENE.JUMP1) GO TO 410

LDOUBLING MESH SIZE OCCURS BELOw

JJJ = 2

IF (ITES1.EQ.2) GO To 410
ITEST = 2

IF (HoD(NBPe2) JsEWel) JJJ = 4
NG = (NBP+1)/2

Nid = 2

NBP = NB+]1

IF (JJJ.EQel4) NN = NuP
MM = mMB=-MA

IF (MOD(MM?r2) EQel) JUJJ = JJJ+l
MA = (MA+MB+1)/2

STORE EVERY OTHER GRID POINT BACK INTO ORIGINAL MATRIX
DO 350 N=2eNB

LO 350 I=MA,MB
, ) 1

1]
&
+
=
b3
]

K = 2xM=MB

W13 (MeN) = W13(Kr2*N=2)
W24 (MyN) = W2u(Kr2%N=2)
W13 (iN»M) = W13(2*%N-2,K)

T

SJYETL410
SJUET4420
SJETH430
SJETu4440
SJETu450
SJET4460
SJETUY70
5JET4480
5JET4490
5JETUS00
SJUET4510
SJET4520
SJETUS30
SJUETU540
SJYETY550
SJYETL4S60
SJET4570
S5JET4580
S5JETu59n0
SJET4600
SJET4610
SJET4620
S5JET4630
SJET4HU0
SJETU650
SJET4660
SJET4670
S5JET4680
S5JET4690
SJET4700
SJETU710
SJETH720
SJET4730
SJET4740
SJET4750
SJET4760
SJET4770
SJET4780
SJETY790
SJET4800
SJET4810
SJUETug20
SJET4830
SJETugu0
SJET4850
SJETH860
SJET4870
SJET4880
SJET4890
SJET4900
SJETH910
SJET4g20
SJUETUQ3g0
SJET4940
SJUET4950
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OO0

350

360

370

3480

390

400

410

420

W24 (NeM) = W24 (2%N=2,K)
IF (MOD(JJJr2) eNE.O) MA = MA-1

DY = 2.0%DY
Oyy = DY

MM = MA

MMM = MM

MT = MM

FILL IN AUXILIARY JET GRID LINES IF NEEDED

IF (UJJ.EG.2) GO TO 390
NJ = nNBP=2

IF (NJ#EQW0) NJ = 12

MAX = MBC

60 TO 160

MM = MM+l

IF (MT.GE.MB) IF (JJUJ=4) 370+390,370
MT = MM

GO TO 160

MM MMM

NN P

JJJ = 3

GO T0 16V

NN = pN+1

NJ = NBP=2

IF (NNeGT.NBP) GO TO 390
GO TO 160

CONT INUE

IF (IJKNE«3) GO TO 410

SJETUQ6(
SJUETH970
S5JET4980
S5JET4990
SJET5000
5JETS5010
SJETS5020
S5JET5030
SJETS5040
5JET5050
SJETS5060
SJETS070
SJETS080
5JET5090
SJETS5100
S5JET5110
5JETS5120
S5JETS130
SJETS140
5JETS150
5JETS160
S5JETS170
5JET5180
HJETS190
S5JETS200
SJETS210
SJETS220
5JET5230
SUETS5240
5JET5250

SHIFT SIMULATED POSITION OF INTERACTION wALL TO ACTUAL LOCATION OFSJETS260

wALL
IUK =¢
MO = MO/2

DO 4yu w=2+NBP
0O 400 I=MA/MBC

M = [-MO

WI3(MeN) = W13(IeN)
W4 (MeN) = W24 (IN)
W13(INeM) = W13(NsI)
W24 (e M) = W24 (N 1)
MA = MA=-MQ

ME = MB=MO

MEC = MRBC-MD

MED = MRC~l

MC = MC=MO

M2 = 2*MB=5
MA3D = MA+1

IN = 1

NI = ¢

IF (1JK.NE«3) GO TO 420
IN = 2

Nl = mO/e2

IF (BP.LTeIN*(MA=N]=3),0R.MCsNE.MB+1) GO TO 450

78

5JET5270
SJETS280
SJETS290
SJETS300
SJETS310
SJETS320
5JETS330
SJET5340
5JET5350
SJETS5360
5JETS5370
SJET5380
5JETS390
S5JETS400
5JETS5410
5JETS5420
SJETS430
SJETSu40
5JET5450
SJETS5u60
SJETS470
S5JET5480
5JETS5490
SJETS5%00



(s NeXe]

e NaRel

o000

OO0

430

440
450

460

470

480

490

500

510

» OR 3=-D PROCEDUKRE

JKL = JKL+1 SJETS5510
IF (LPLANE.LT.JUMP1) GO TO (340,430)s JUKL SJETS520
SJET5530

WHEN NBP HITS DIAGONAL 3-D REGION EXPANDS FROM MC TO MgC SJETS5540
SJETS5550

MBC = 2xMB-MA SJETS560
DO 440 N=1+NBP 5JETH570
DO 440 M=MA.MB 5JET5580
MM = MBC+MA-M SJETH590
wl3(MMeN) = W1I3({MsIN) SJETS5600
W24 (MMIN) = We24(MeN) 5JETS5610
W13 (N)MM) ==W13(N/M) 5JET5620
W24 (NP MM) = wW2L(N»M) S5JET5630
IF (MsC.NE.MB) GO TO 470 S5JET5640
SJETS5850

IF NBP HAS NOT REACHED DIAGONAL MB~1s IT 1S REFLECTED INTO MC SJET5660
SJETS5670

DO 460 N=2NBP 5JET5680
W13(MCIN) = wWl3(MB=1,N) S5JETS690
W2H{MCeN) = waulMB=1,N) SJETH700
Wl3(NeMC) ==W13(NeMB=1) 5JETS710
W24 (NeMC) = wou(N+MB=1) SJETS 720
5JETS5730

REFLECTION POINTS ARE FILLED IN SJETS740
5JETS750

CALL AUXPTS (W13rw24,MA)NBP+3¢MBC) 5JET5760
IF (MusCl.NE.MB) MC = SJETS770
IF (MC.EWeMBC) MBD = SJETS5780
SJET5790

PRINT EVERY DPRNT INTERVAL SJET5800
SJETS810

IF (RR.LTLXDIST) GO TO 610 5JETS5820
XDIST = RR+DPRNT/CN SJETS5830
SJETS5840

WRITE HEADER FOR OUTPUT SJETH850
SJET5860

IF (LPLANE.NE.LMIN) WRITE S5JET5870
FORMAT (1H1) HJETHRE80
RXP = CN*RR=CXR 5JET5890
WRITE (60490) LPLANE,LAMLI,LAM2/RXP,ANB,DY SJETS5900
FORMAT ( I1Xe3HL =9 ISs 9X»7HLAM 1 SeF10.5010X» 7THLAM 2 =»F10.5%¢ SJETS5910
*10Xr 3HX =oF10.5¢10X04HZI =oF10.5°8Xy4HDY =oF7,4//7) 5JETS920
WRITe (62500) SJETH930
FORMAT (13Xr7HDENSITY»5X» BHPRESSURE »4X» 1L 1IHTEMPERATURE »4X» THENTROPYSJETS94U0
*9oX P4 (BHVELOCITY»5X)  8HMACH NO.) SJETHA50
IPAGE = o 5JET5960
IF (LPLANE.EQ.1) IPAGE SJETH970
WRITE (6+510) 5JET5980
FORMAT (3XelHMo4XrIHNI» 7X e 1HR e 12Xs 1HP 12X o 1HT 212X 1HS» 12X e 1HU» 12X 15JETH990
*HV e 12Xe1HW»12Xe1HQr 12X 1HM/ /) SJETE000
ICNT]1 = ICNT=1 5JETE010
SJET6020

SJET6030

DETERWMINE BELOW WHETHER A GRID POINT IS CALCULATED BY JETs ENTROPYSJETH04O

S5JET6050



OO0

520

530

540
550

560

570

580

DO 550 I=1+ICNT1

NN = NJE(1.I)

MM = NJE(2:1)

L = I+1

DO 20 K=L» ICNT

IF (NNJLT.NJE(1+K)) GO TO 520
NN = WJE(19K)

MM = NJE(2rK)

CONT INUE

DO 930 K=1+,ICNT

IF (NJE(1eK) JNESINN) GO TO 530
IF (NJE(29K) ,GT.MM) GO TO S3¢
MM = NJE(2+K)

M = K

CONT IiNUE

IF (M.EQ.I) GO TO 550

U0 540 J=1+3

NE(J) = NJECUT)

NJE(JrI) = NJE(JrM)

NJE(JeM) = NE(J)

CONT INUE

I =1

00 600 Nz=2eNB

WRITE (60¢560)

FORMAT (1H )

IFAGE = 1PAGE+1

MBE = MR

IF (Mi3«NEMBC) MbBE = MBD

DO 00 Mz=MAMBC

IF (HNeGToM=3) GO TO 500

W(l) = wi3d(M,N)
wil2) = wew(MyN)
W(3) = Wl3(NeM)
W(d) = weg(NeM)
BCD = BCD1

MM = M

IF (UK EQe3) MM = M=M0O/2

IF (1.GT.ICNT) GO TO 580

IF (NJE(1el) oNEeN«ORJNJIE(29I)NEM) 6O TO 580
BCD = BCL2

IF (WJE(3¢1),EGQe2) BCD = BCD3

I = I+1

@0 TG 570

KEEP LINE COUNT FOR HEADING AT TUP OF EACH PAGE

IF (MsEQ«MA+OR«M.GT ,MBE) GO TO 6UO0
IPAGE = [PAGE+1

IF (IPAGE.LT«60) GO TO 590

IPAGE = ¢

wRITE (6+,510)

5JET6060
5JET6070
5JET6080
5JET6090
5JET6100
5JET6110
SJET6120
SJET6130
5JET6140
SJET6150
5JET6160
5JET6170
5JET6180
5JET6190
SJET6200
5JET6210
SJET6220
SJET6230
5JET6240
5JET6250
5JET6260
5JET6270
5JET6280
5JET6290
SJET6300
SJET6310
5JET6320
SJET6330
SJET6340
5JET6350
5JET6360
SJET6370
5JET6380
SJET6390
SJET6400
SJET6410
SJET6420
SJET6430
SJETE440
SJET6450
SJET6460
SJET6470
5JET6480
5JET6490
SJET6500
SJET6510
SJET6520
SJET6530
SJET6540
SJET6550
SJET6560
SJET6570
SJET6580
5JET6590
5JET6600



OO’

(@]

OO0

OO0

OO0

COMPUTE AND PRINT W PROPERTIES

590 CAL . PROP (WewWlrw2ry4)

000 CON "]
610 ICN™

SOL'E FOR X DISPLACEMENT FROM NOZZLE EXIT FOR NEXT PLANE

RR =
LPLA

COMPL TATION TERMINATES IF RADIUS OF JET FROM AXIS TO BOUNDARY IS

DECRE

CALL

IF (v

WRITE

020 FORMA
*)

STOP

COMPUTE F AND 6 FUNCTIONS OF w TAKING ONE GRID LINE AT A TIME

NUE
=0

RR+LAM1xDY
£ = LPLANE+]L

"SING
NTRP (RXeRR

3D.GE.YBD)
60620)

T (5(/) 244X 46HRADIUS OF JET 1S DECREASING,

' YoYYBD)
60 70 630

WHILE HOLDING N CONSTANT

630 DO 74
DO o7
IF (W

0 l\:2vNB
0 Mz=MA.MmC
«GT iM=1) GO

10 070

IF (NJNE.2) 60 TG 640

wil)
wiz)
w(3)
wlil)

THIRDG SUBSCRIPT OF F AND G POSITIONS GRID POINT IN Z DIRECTION

IF Su

CALL
w(l)
wie)
w(3)
wi4)

wl3(MyN)
We 4 (Mo N)
N13(NeM)
wed {No M)

1w

LSCRIPT = 2¢»

PROP (WeF(1oMe2)»G(1eMe2)el)

Wi3d(MyN=1)
We4 (MyN=1)
Wl3(N=1 M)
Wl (N=1,M)

IF SUBSCRIPT = 3o

CALL PROP (WeF(1rMr3)sG(1eMe3)s1)

60 JTu 66(

N

N-1

5JET6610
SJUETH6620
SJET6630
SJET6640
SJET6650
SJET6660
5JET6670
5JET6680
SJET6690
SJET6700
SJET6710
SJET6720
SJET6730
SJETH740
5JET6750
S5JET6760
5JET6770
SJET6780

COMPUTATION STOPSS5JET6790

5JeT6800
SJET6810
SJET6820
5JET6830
SJET6840
SJET6850
5JET6860
S5JET6870
HJETE880
S5JET6890
SJET6900
SJET6910
5JET6920
SJET6930
SJET6940
SJET6950
5JET6960
5JET6970
5JET6980
5JET6990
5JET7000
SJET7010
5JET7020
5JET7030
SJET7040
5JET7050
5JET7060
S5JET7070
5JET7080
SJET7090
SJET7100
5JET7110
SJET7120

WHEN N It CREASED BY ONE F AND 6 SUBSCRIPTS 1 AND 2 INCREASE BY ONESJET7130

0 GO 050 I=.e2

SJET7140
SJET7150



OO0

OQOOOOOONn

OO0

OO0

650
660

670

080

K = 4=1
DO 650 J=1l4
F(JrMeK) = F{JrMrK=1)

GlJrMIK) = G(JeMrK=1)
W(l) = wi3(MsN+1)
Wi2) = wau(MyN+1)
W(3) = W13 (N+1.M)
W(4) = w24 (N+1.M)

IF SUBSCRIPT = 1» N+}

CONT INUE

BELOW W VALUES ARE COMPUTED FOR NEXT PLANE

VO 740 M=MA3D,MBL
IF (N.GTemM=3) GO TO 740

wll) = Wil3(MeN)
wl2) = W24{M,N)
wW(3) = wWl13(NeM)

W) = wau(N,M)

CALL PROP (WoUQGMIRWVP¢5)

UU = ATANZ (1.0950RT(UQGM(3)%%x2=1.0))

UML = ABS(ATAN2(ABS(RWVP(3)),UaM(1))=UU)
UM = ABS(ATANZ2 (ABS(RWVP(2))suaM(1))+Ul)
IF (UM1.GT.UM) UM = pyMl1

DISTANCE OF FIRST STLP OF TwO STEP METHOD IS FOUND

SJET7160
SJETTLTO
S5JET7180
5JET7190
SJET7200
SJET7210
SJET7220
SJET7230
S5JET7240
5JET7250
SJET7260
SJET7270
5JET7280
SJET7290
SJET7300
SJET7310
SJET7320
SJET7330
5JET7340
S5JET7350
5JET7360
5JET7370
SJET7380
5JET7390
SJET7400
SJET7410
SJET7420
5JET7430
5JET7440
S5JETT7450
SJET7460
SJETT470
S5JET7480
SJET7490
SJET7500
5JET7510

S Z.5%x(1.0+ASO*(FACTOR/LAML/TAN(UM)=1+0) +ASIALAMLx(F(TJL ) M+192)-F(5JETT7520

*LJLeM=1+s2)) /W (IJL) +AS2ALAM2% (G(TUL s My 1) =G(IJL,M,3) ) /W(IJL))

NN1 = N=l

NNZ2 = N+l

MMl = M=

MMe = M+1
U

1 =

w*S THAT ARE NEEDED FOR COMPUTING w OF PLANE L+1 ARE ARRANGED

DO 80 NN=NN1NN2
D0 &80 MM=MM],MM2
I = I+1

WiwlleI) = W13 (MMeNN)
wwl2,1) = w2u{¥MMsNN)
wWil3,I) = W1z NNeMM)
wwlael) = WL (NNeMM)
CONT INUE

82

S5JET7530
SJET7540
SJET7550
SJET7560
SJET7570
SJET7580
S5JET7590
SJET7600
5JET7610
SJET7620
5JET7630
SJET 7640
SJET7650
5JET7660
5JET7670
SJET 7680
5JET7690
5JET7700



C
C
C

C
C
C

OO0

IF (MEQ.MB+AND+LPLANE.LE,JUMP) GO TO 700
STANDARD PROCEDURE FOR CALCULATION w*'S AT S

DO 690 J=1r4

WL(J) = oS*(WW(Je) +wiW(Je3))+SkLAMI*(F(JyM+192)=F(JrMr2))+e25%
*S*LAM2*(G(J:M'1)-G(doM'3)+G(JpM+1'1)-G(J'M+1o3))

weld) = SR {WW(Jr2) 4+ 3yW(Ur3))+SxLAMI % (F(JeMr2)=F (JrM=1,2)) +.25%
*S*LAMZ*(G(JoMo1)-G(J.Mo3)+G(JoM-l'1)-G(doM—1v3))

W3(J) = oSx(wWW(Jr3)+uW(Jr5) ) +,25%SxLAMIx (F(JrMt1e1)=F(JrM=1r1)
A4F(JeM+102)=F(JeM=1,2) ) +SkLAM2*(G(JrMr1)=G(JrMr2))
690 WG4 (J) = oS5 (WW(Je3)+WW(Jr1))+.25%SxLAMI*(F(JrM+103)=F(JrM=1+3)

AHF (JoMEL1o2) =F (JrMi=192) ) +S*LAM2X(G(JeMr2) =G (Jr M 3))

GO TO 720

SPEC1AL PROCEDURE FOR FINDING wW'S AT M=mB AND S

700 LO 710 J=1,4

SJET7710
SJET7720
SJET7730
S5JET7740
SJET7750
SJET7760
SJET7?7770
S5JET7780
SJET7790
SJET7800
SJET7810
SJET7820
SJETT7830
SJET7840
5JET7850
SJET7860
SJET7870
SJET7880

wl(J) = ww(Jo3)+-5*TT*(WW(dp4)-ww(J'2))+.5*TT**2*(WW(J.Q)+WW(Jo2)-5JET7890
#E,Utww(Jp3))+.5*S*LAM1*(F(J;M+19&)-F(JvM-IOZ))*-S*S*LAMZ*(G(JoM.1)5JET7900
*-G(d.Mv}))*S*LAMl*TT*(F(doM+1p2)*F(JvM-loZ)-Z.*F(JoMoZ))*oZS#S*TT*SJET7910

*LAM2# (G(JrM+Lr 1) =GlUpM+193) =G (JrM=1,1)46(JrM=1+3))

5JET7920

W2ld) = ww(Je3)=eOxTTR(WW(Jrt) =W (Je2) )+ SKTTH¥2x (WW(Jr4)+WW(Jr2)=5JET7930
*Z.O*Ww(dp3))+.5*S*LAM1*(F(J,M+102)—F(J0M-1'2))*.S*S*LAMZ*(G(J'MO1)5JET7940
*—G(J.M'S))-S*LAMl*TT*(F(doM+1p2)*F(J'M-1p2)-2.*F(dev2))—.25*S*TT*5JET7950

ALAMZ 2 (G(JUrM+191)=GlUyM+1,3)=G(JrM=1,1)+G(JrM=1+3))

5JET7960

wilu) = ww(dv3)+-5*T5*(Wh(J'S)-WW(Jpl))+.5*TS**2*(WW(Jv5)*WW(Jvl)-deT?Q?O
*2.0*ww(d.3))+.5*S*LAM1*(F(J'M+lrd)-F(JrM-192))*.S*S*LAMZ*(G(J'M.1)5JET7980
*“G(J'Mv3))+.25*S*LAM1*TS*(F(JrM+1v1)-F(J;M—lo1)-F(JvM+1'3)+F(J'M—ISJET7990

*03))+S*LAM2*TS*(G(JoMr1)*G(JvMo3)-2.U*G(JoM02))

SJET8000

710 w4(y) = ww(do3)-o5*T5*(ww(dob)-ww(Jpl))+.5*TS**2*(WW(J05)+WW(J'1)-5JET&010
*E.O*NN(JoS))+.5*5*LAM1*(F(JoM+lv2)-F(JvM-102))*.S*S*LAMZ*(G(J'Mo1)5JE78020
*—G(doMOS))-.25*S*LAM1*TS*(F(JrM+1p1)-F(d,M-lv1)—F(J0M+lv3)*F(J9M—15JET8030

%0 3)) =Sk AM2XTS* (O (JrMr 1) +G(JrMr3)=2,0%G(JrMr2)) SJETE040
5JETBO50

DETEKMINE F AND G PRQPERTIES OF w AT S SJETH060
5JET8070

720 CALL PROP (W1(1)eF1(1),UOM»2) 5JETH080
CALL PROP (W2(1)rF2(1)UQGM,2) S5JET&090
CALL PROP (W3(1)rUQGM,G1(1)+3) 5JET8100
CALL PROP (W4(1)r UGM,G2(1)03) SJETe110
S5JET8120

STORE RESULTS CF W IN TEMPORARY UNUSED SECTIOM OF W MATRIX SJET8130
SJETBR140

DO 750 J=1r4 ~ 5JET8E150

750 witJ) = (DL1+1e0)/2,U%CLI*(LAMI(F1(J)=F2(J))+LAM2*(61(J)=G2(J)))+5JET8160

*(.254(1.0-(CL1—0~5)/U-5)*(DL1+1-0)/2o0—0.5*(DLl-l.O)/Z.O)*(Wl(d)*WSJET8170

*2(J)+W3(J)+Wu(J))

W13(M=1sN=1) = CONST*W13(MsN)+W1(1)
w4 (M=1on=1) = CONSTxWw24(MeN)+W1(2)
W13 (N=1,M=1) = CONST*W13(NsM)+Wl(3)
Wol (iu=leM=1) = CUNST*w24 (NoM)+W1(4)
CONT INUE

740

KESTURE w VALUE CORRECTLY

83

5JETS180
SJET8190
5JET8200
5JETg210
S5JETg220
5JET&§230
SJET8240
SJETH250



OO0 [aNeN e

aOo

750

700

5JET8260

00 750 1I=2+NB SJET8270
N = NB+2=1 SJETH280
DO 750 M=MA3D.MBU SJET8290
IF (N+GT«M=3) GO TO 750 SJET8300
W13(MeN) = W13 (M=1,N=~1) A SJET&310
W24 (MsN) = W24 (M=1yN=~1) SJET8320
W13(NeM) = W13 (N-1leM=l) SJET8330
W24 (NeM) = W24 (N=1rM=]1) SJETB340
CONT INUE SJET8350
SJET8360

SJET8370

5JET8380

MA = MA+2 5JET8390
IF (MBC.NE.MB) MBC = MBC=2 SJETas00
IF (LPLANE+LT.LMAX) GO TO 760 5JET8L410
SJETa420

5JET&430

STORE INFCRMATION FOR CCNTINUATION RUN SJET844U0
SJET84S50

SJET8460

WRITE(3) LAMO,LAML»GAM,MO,RRyNByNBPsMAJENTHIW13,W24,LPLANEMBC»MC»S5JETB4TD
*NX SJET8480
SJETB490

WRITE OUT LAST PAGE SJET8500
5JET&S510

CALL wWRITES (2) SJET8520
STOP 5JET8530
SJET8540

IF WO MORE JET INFORMATION IS NELDED GO AND FILL IN AUXILIARY JUET SJETHS550
PROPERTIES 5JETB560
5JET8570

IF (RR.LTW.RX(2)) GO 10 120 5JET8580
SJET8590

MORE JET INFORMATION IS NEEDED Iiv ORDER TO CONTINUE SJET8600
SJET8610

60 TO 30 5JET8620
END SJET8630

8k



[}

"$IBFTC WRITE1l LIST WRIT

SUBROUTINE WRITES{I) WRIT

@c WRIT

C WRIT

: C OUTPUT SUBROUTINE WRIT
1 C WRIT
‘ C WRIT
COMMON /INOUT/ LMIN, LMAX MI»IJLyIFLG, IDIVeJUMP»JUMPL,LAMO»GAM »ASOWRIT
*pAS1)AS2:FACTORYRDUPC12C29sCCHALF»TT o TS»DPRNTrCN,CXRyDL1,CL1L WRIT

REAL LAMO WwRIT

IF (1.,EG.2) GO TOU 25¢p WRIT

C WRIT

! C PRINT DATA CAPTION WRIT
! C WRIT
| WRITE (6¢10) WRIT
10 FORMAT (1H1e17(/7)v83XeS(1H*) 925X e 1H%12XeS(1HX) 92X 7(1H*) /743X e 1H%» 2WRIT

*OX g2 (1H*xe2X) o X LH®/43XG (1H%) 126 X2 (1H*92X) 0 7TX» IH*X/4T X 1H*, 8WRIT

*XpS5(1H*) p 12X e LH* 02X 4 (1H*) 06X o LH*/U4T7X 0 LHXx 225X, 2( 1H* 92X ) » 7X 0 LH*/43XWRIT
*p2(1H*e3X) p15Xe2(3Xy LH*) 2 2Xp 2 (1H*99X) » /744X s 3(1H%X) 923X 9 3(1H*) »3X,5(WRIT
ALH#) o SX o 1H®///725X02(1H*12X) o 3X0LH*p2X e 7 (1H*®) 12X, 5(1H%) 92X+ 5(1H*) 1 4WRIT
X o4 (1H*) r4Xe G (1H®) 03X o T7(IH%) 92X o 1H* o 3X0 4 (1HX) y 3X02(1H*05X) /25X 2 IH*WRIT
202X s 2k ko 4 Xp LHEPOX e JH¥ e SX o LH*»6XLHRGX1H® 02X o LH* o 4Xp 1H* 92X o 1H% s 4X e I1WRIT
*HEPSXp LH* o SXp 1H* 22X LH* g4 X o 1H® 02X p 2H¥ %o 4X o IH% /25X 1H% 92X o 3H® *9 3X»WRIT
#1HEp X e 1HErSXp IH®X 16X o LHE o 4 X o LH* 22X, LH* o4 X o LH% 02X 0 1H* 9 10X 1H*» 5X, 1HWRIT
*ap2X o LHE ) UX e LH* 02X 3H* %9 3Xp 1H*/25X o4 (1H%9s2X) p3X e 1H* o SXo 4 (1H#) » 3X»WRIT
S (1HA) e 3XsO(IH®) v 2Xp LH® 10X e LH*x o OX, TH¥Xr2X e 1H¥ 84X o4 (LH%02X) » /725X 9HWRIT
** X% * p30LH®ODX) p2(1Xe1H®) pI1X2(UX s 1HX) 1 2X1H*SX 2 (S5X 0 1H*) p2X e 1H*kWRIT
*e2Xe2(2Xo1H%) o 3Xo3H% */25X12(3H* ) o3H *3(1Hxe5X)»S5H * #02(4X, 1HWRIT
%) g 2XelHk o UX o 1HXr2(Sx o IHX) 12X o 1H*e X0 2 (1H*92X) r4H *%x/25X3Hx  »3(1WRIT
‘ KH%p5X) 15 (LH*) 02X e LHa 02 (3X o TH*) 4 X0 1H#* 2 3Xo 4 (1H%) p 1X 02 (S5X s 1H%) 9 3X, 4 (WRIT
*1HE) s 3Xe2(1H*e5X) 0/ /739X 2(S(1H®) o 3X) rSH *¥kk UX o4 (1H*) o 3Xe5(1H%) s WRIT
HUXLCIH®) 9 3X2(1H*15X) » /3OXE6(1H* 4 Xp3H% ) v 2(2Hx*p 3X) ¢ /39X6 ( 1H*4XIH*WRIT
¥ )4 (2H* ) e /39X2(S(1H*) v3X) r 1H* s X e 4Hx ko TXsS(IH*®) p3Xe6 (1H*) p 3(2WRIT
AXo1H*) o /32Xe2(TXe1H%) »3H  *p2(4Xo1H%) #2Xo 12H*  *kx % *x 2(4Xo1H%) o WRIT

*2Xp 1H* 905X 0o 1H*) WRIT
WRITE (6020) WRIT

20 FORMAT (39Xe1H*x e 7Xe Lk o 3X o LH®»3X s LHE o 4X o LH* 02X 0 1H* o4 X9 LH* 92X 0 1H* 0 2WRIT
AXpliix o 2(4Xr1H*) e2X2 2 (1H*»5X) / WRIT

* 32Xe2 (TXoLHx) p4X e IHEpIX o 4HR kR K g UX o UHX XXk k0 Z(IX 9o LHx) 24X o 4H* WRIT

* k95K lpix/1HL) WRIT

C WRIT
C PRINT INPUT DATA DEFINITIONS WRIT
C WwRIT
WRITE (6030) WRIT

30 FORMAT (36Xe2(1H*02X) o t4H * o4 (1r1%k) p2(3Xp1H%) p2XeS(1H%) » 7X e 4 (1H%) oy WRIT
FUXp 3HE* £ 93X e S(LHR) 0 IX 9 3Hk#%/ 36X s HHx  *%k02(2X 0 LH#E) 21X 92 (2X o 1H%) » 3Xe WRIT
€2 (1H*pUX) 92X02(3R e 1H%) 12X 92 (1H* 2 3X) ¢ 3H * »2(3Xe1H*)/10X»5(2H* ), 14WRIT
*#Xp2(2X01H*) e 2(2H %) 32X 0 4 (1HX) 92 (3Xp1H¥) 24X e 1Hk?r6X22 (33X e 1HX) #2X e S(1WRIT
AMHE) s X e 1H* e 4X e STIH*) p 16X S(2H %) /34X 3(3H  *) s 2(3H* Yol Xe2(1H®,IXWRIT
*)p2H *06X02(3Xo10%) 9 2X0 2 (1H®93X) 1 3H *x 2 2(3Xe1H*)/34Xe2(3H %) 2 1Xr2WRIT
*(3H ) s 7X e 3Hk*X e S5Xp LH¥ pOX o YHRkxk 92 (3Xp 1H¥) 2 2(U X0 1MH%) 9 3Xo 1H%///// ) WRIT

WRITE (6040) GAM WRIT
40 FORMAT (48X»30HRATIO OF SPECIFIC HEATS GAM = yF6.2/78X16(1H=)/) WRIT
ROJJ = RDJ*CN WRIT
WRITE (6¢50) RDJJ WRIT

10

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
sS40
550



50 FORMAT (32X»74HHALF THE SEPARATION DISTANCE OF THE AXIS OF THE TWOWRIT 560

* NEAREST JETS IS RDU = :F7.3/71084:7(1H=-)/) WRIT 570
WRITE (6¢60) CN WwRIT 80

60 FORMAT (31Xr63HTHE RADIUS OF THE INITIAL DATA LINE FOR THE SINGLE wRIT 590
*JET IS CN = sF663/794%x16(1H=)/) WRIT &00
WRITE (6070) CXR wRIT 610

70 FORMAT (21Xs84HTHE DISTANCE BETWEEN NOZZLE EXIT AND ORIGIN OF THE WRIT 20
*POLAR COORDINATE SYSTEM IS CXR = »F6e3/7105Xe6(1H=)/) WRIT 630
WRITE (6,80) MI WRIT 640

80 FOKMAT (18Xs,94HTHE NUMBER OF GRIU INTERVALS BETWEEN THE AXIS OF CEWRIT 650
*NTER JET AND THE INTERACTION PLANE IS MO = »13/7112X¢3H===/) WRIT 660
WRITE (6+,90) LAMO WRIT 670

90 FORMAT (37X+S2HRATIQ OF GRID CROSS PLANE STEP SIZES D2/DY IS LAMO=WRIT 680
* yF6e3/89X06(1H=)/) WRIT 690

LtL = LMAX=LMIN WRIT 700
LMAX1 = LMAX~1 WRIT 710
WRITE (60100) LL,LMIN/LMAXI1 WRIT 720

100 FORMAT (29X¢22HTHIS RUN WILL COMPUTE +¢14,26H CROSS PLANES FROM LMIWRIT 730
*N = ,I40,6H THRU ¢8H LMAX = »I14/51Xo4time==926X)UH====p 14X o 4H====/) WRIT 740

IF (UPRNT.EQ.0.0) WRITE (60110) WRIT 750

110 FORMAT (42Xs48HPRINTING OCCURS FUOR EVERY CALCULATED CROSS PLANE//)WRIT 760
1F (UPRNTNE.0.0) WRITE (6¢120) OUPRNT WRIT 770

120 FCRMAT (37Xe26HPRINT INTERVAL IS DPRNT = +F7.4¢25H4H NOZZLE RADII DOWRIT 780
*WiN STREAM/63Xe7(1H=)/) WwRIT 790
WRITE (60130) JUMPL WRIT 800

130 FORMAT (28Xr52HTAICE AS MANY GRIO INTERVALS ARE USED FOR THE FIRSTWRIT 810
* pI2,21H CROSS PLANES (JUMP1)/80Xs2H==/) WRIT g20
WRITE (60140) IFLG WwRIT g30

140 FORMAT (46Xs16HTHERE ARE IFLG =,12,23H SHOCK POINTS INITIALLY/63X.wWRIT 840
*1H=~/) wRIT 850
WRITE (60150) ALF WRIT 860

150 FORMAT (4u4Xe39HTHE FACTOR ALF FOR THE INITIAL STEP IS »F8,4/83X,8(wWRIT 870
*1H=)/) wRIT g80

WRITE (60160) IDIV - WwRIT 890
160 FORMAT (36Xr24HDX IS DIVIDED BY IDIV = »I2,33H UNTIL INITIAL INTERWRIT 900

*ACTION OCCURS/60Xr2H==/) WRIT 910
WRITE (60170) JUMP WRIT 920
170 FORMAT (30X»17HTHERE ARE JUMP = »I4r51H PLANES CALCULATED WITH LATWRIT 930
*ERALLY UNCENTERED SCHEME/Z47XsfHme=m/) WRIT gyp
WRITE (60180) TT.TS wRIT 950
180 FORMAT (11X»85HVALUES OF THE UNCENTERED DISTANCES FOR THE SCHEME AWRIT 960
*T THE INTERACTION PLANE ARE TT =  yF7.49210H AND TS = »F7.4/96X»7(1wRIT 970
*H=) p JuXe7(1H=)/) wRIT 980
wRITg (6¢190) CC WRIT 990
190 FORMAT (41Xr42HTOLERANCE ON THE VALUE OF ENTROPY IS CC = ,»F9,4/83XWRIT1000
x99 (lin=)/) WRIT1010
WRITE (6e200) C1.C2 wWR1IT1020

200 FORMAT (11X,71HTOLERANCES THAT CONTROL THE LATERAL SPREADING OF 3=-wR1T1030
*U REGION ARE = Cl = yF5.3+19H TO THE RIGHT C2 = F5.3/82XeS5(1H-),1 WRIT1040

*9XeH(1H=~)/) WRIT1050
WRITE (69210) FACTOR WRIT1060

210 FORMAT (35X¢»52HCONSTANT MULTIPLILR FACTOR TO LAM1 TERM IS FACTOR =wRIT1070
* sF7.4/87Xe7(1H=1/) wRIT1080
WRITE (60220) ASUrAS1,AS2 WRIT1090

220 FORMAT (33Xe30HTHE DAMPING FACTOxS ARE ASO = ,F7.3+7H AS1 = »F7,3,wRIT1100
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OO0

*7H AS2 = +F7.3/63Xe3(6(1H=)r8X)/) wRIT1110

WRITE (60230) IiL wRIT1120

230 FORMAT (43Xr19HTHE ELEMENTS IJL = ,I2925H OF w IS USED FOR DAMPINGWRIT1130
*/62X92H==/) WRIT1140
WRITE (6.240) DL1,CLL WRIT1150

240 FORMAT (31Xe47HTHE ARTIFICIAL VISCOSITY COEFFICIENTS ARE DL = +F7,.WRIT1160
*3910H AND CL = »F7.3/78Xe7(1H=) 10X, 7{1H=)/1H1) . WRIT1170

GO TO 270 WRIT1180
WRIT1190

PRINT FINAL PAGE WRIT1200
WRIT1210

250 wRITE (6+260) WwRIT1220
260 FORMAT WRIT1230

*(1H1/764X1IH®X/62Xr3(2H* ) /STXe 3(1H*xe6X) /SSXr3(1IH*,8X) /6UXe8H* 40,0 WRIT1240
x/53Xe 1H*» 10X » 1H* e SXo 1He s UX e 1H*/76UXp 1H*p 4 X2 1He /52X e 1H*e 11X1H*3IX1H7WRIT1250
*¥X o IHA/64Xe LH*02X25(1Ha ) /52X» 3(IH* 9 11X) 764X» 1H%/53X»3(1H%*, 10X)/64X»WRIT1260
*1HX/55Xe3(1H*28X) /STX» 3(LH*r6X) 762X e 3(2H% ) /5(6U4Xe1H%/) »28Xe 1H*,3XWRIT1270
*p1H% 29X 3(2H* ) e 28X s LH*x 9o 3X9 1H®/23X e 1H% 9 13X e 1H*, 19X s 3(1H*»6X) e 13Xy WRIT1280
LM% 13X o LH* /21X LH® g 17Xy 1H*0 15X s 3(1H*98X) o 7TXo 1Hk e 17X e 1H*/64Xy 1Hx/1WRIT1290
29X LH*x v 21Xs IH* o 11X23(1H¥ 0 10X) p2H *,21Xr LH*/6UX 2 1H%/ 18X 1H* 223X » 1H*WRIT1300
*909Xep2(1H®p11X) s 1H®0 QX s LH*p 23Xy 1H* 02 (3X»1Hs)/712X»51(2H% )22(2H «)/1WRIT1310
*8X o 1H*e23Xo 1H* v OX2 2 (1H*p11X) o 1H*rOXp 1H% 923X 1H%*,SXr1H. /61X 4H* *p,WRIT1320
50X e LHe /19X e 1H* 0 21X p 1H*p 11X0 3(1H%» 10X) 0 2H *221X,1HkpU4Xr1H,/58Xr2(1WwRIT1330
AHR P SX) /21X e LH* 0 17X 0 LH¥kp 15X »3(1H*08X) o 7TX o 1H* ¢ 17X, 1H®/23X 1H*¢r 13X, IHWRIT1340
*%p17Xe2H® o 3CLIH*06X) o 13X e 1H*p 13X e 1H*/728X e 1H*p 3X e 1H* 929Xy 3(2H* ) v 2WRIT1350
*BX s LH* e IX 2 1HX/52X02{1H*» 11X) /64X 1H®x/40Xs2(1Hxe 14X} /64X LHX/U46X2(WRIT1360
X1H*p17X)/62Xe3(2H% ) /U3Xe JH®xr 13X e 3(1H*r6X) /55X 3(1H*»8X)/40X» 1H%xr2WRIT1370
3K e LH12/53XeZ3(LIH*¥ 210X ) /37X e 1H* 926X 1H%/52Xe 3(1H%»11X)/23Xs1He v 3X»IHWRIT1380
o rOXr1HXp 20X o IHX/2UXr3He 125X 3(1H%r11X)/25Xe 1He v SXr1H%xr32Xr 1H*/2WRIT1390
EUX 0 3rde 0 r26Xe3(1HX9210X) /23X 0 1He ¢ 3X 9 1He 036X 0 1HX/55X e 3(1H*»8X) /57X » 3WRIT1400

#(1H*»6X) /762X 3(2H* ) /64Xr1Hx) WRIT1410
270 RETUKN WRIT1420
END WRIT1430
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$IBFTC PROPS LIST

OOODOOOOO0

10

20

30

40

50
ou

SUBROUTINE PROP (WeFeGo 1)
COMMON 7/ INPROP/ GAM,GAM1¢»GAM2, M,y BCD
DIMENSION wig)eF(1l),6(1)
= 6(3)
G(2)
(1)
F(L)
Gl4)
F(2)
F(3)
= F(y)
6G(3) = W(3)/wW(l)
G(2) = wiy)/w(l)
IF (1.EGes) 6(2) = 0.0
A = GAM1*w(2)/ (CAM2~G(3)**2=-G(2)*%x2)
B = GAM2*w (1) x%2/(GAM1*W(2))

NWEe TCTEC

G(1) = A*(1.0=50KT(1,0-B/A))
F(1) = w(1)/G6(1)
Gl4) = wi2)=F(1)*w(])

GO TO (20020030010°10,60), I

F(2) = SORT(F(1)**¥24G(3)*%x2+4G(2) *%2)
F(3) = F(2)/SQRT(GAMXxG(4)/G(1))
F(4) = G(4)/(G(1)%x%xGAM)

IF ([-4) 60r40,60
SOLVE FOR F FUNCTIONS

F(1) = =G(1)*G(3)
F(2) = «=w(3)

F(3) = G(3)*F(1)=G(y)
Fly) = G(2)*F (1)

GO 1O (30:00), I
COMPUTE G FUNCTIONS

6(1) = =6(1)*xG(2)
G(3) = G(3)*G(1)

G(4) = G(2)*6(1)-6(y)
G(2) = =w(d)

GO TO 60

T = GAM*G(4)/G(1)

PRINT FLUID PROPELRTIES

WRITE (6050) MeMeGUL) v G(U) v ToF(4)oF (L) 26(3)0G(2)9F(2)eF(3)¢BCD
FORMAT (14,150¢1XeGE13.693XrAL)

RETURN

END
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$IBFTC VET L

o0

OO0

10

20

30

40

o1V

SUBROUTINE JET (wrRUVP+RHOYDReMAXL1,Y+RX+RR, 1)

JET
JET

DIMENSION W(3v80'2)'RUVP(Q)rDR(S)'MAXI(S)oRX(%)vX(3)'W1(2)vW2(3.2)JET

*eY(3)oW3(2) oWy (3)
X(1) LIES TO LEFT OF CROSS PLANE
X(2) LIES DOwWN STREAM OF CROSS PLANE

X(1l) = RX(3)
x(2) = RX(2)
x(3) = Rx(3)

I=1 CALCULATE JET VALUES CLOSE TO BOUNDARY OF UET
1=2 CALCULATE INTERIOR JET VALUES

GO TC (20,10), 1

STEP SIZES CAN BE DIFFERENT FOR ANY TWO JET PLANES
K1l = RHO/DR(3)+2.0

IF (Kl«.GT.MAX1(3)}) K1
K2 = RHO/DR(2)+2.0

IF (K2.6T«MAX1(2)) K2 = MAX1(2)

IF (FLOAT(K1=-1)*DR(3).EQ.,FLOAT(K2)*DR(2)) K1 = Kl-1
60 TO 36 A
Kl = MAX1(3)

K2= MAX1(2)

w2(l,s2) = 0.0

DO 40 J=1,3

W HERE IS w VALUES OF JET CROSS PLANE
J IS THE w PROPERTY

K1 IS THE W POSITION

1 OR 2 IS THE w CROSS PLANE CORRESPONDING TO X
wWwltl) = w(JdeKle2)

wi(2) = w(JerK201)

CALL INTRP (XeRRewWl,yw2(JeI))

IF (I.EQ.1) GO TO 50

I =1

MAX1(3)

w3 GIVES DISTANCE FROM AXIS TO INTEGER DISTANCE BELOw RHO

w3(1) = FLOAT(K1=2)*DR(3)

IF (K1l.GE.MAX1(3)) wWal(l) = Y(3)

Kl = Ki1+1

w3dlz) = FLOAT(K2=2)*DR(2)

IF (K2.GE.MAX1(2)) W3(2) = Y(2)

K2 = K2+1

IF (UR(2)NELDORI3IY) K1 = Kil+}i

IF (K2.GT.MAX1(2)) K2 = MAX1(2)

IF (K1.6T.MAX1(3)) K1 = MAX1(3)

GO TU 30

I = ¢

wl SAME AS W3 EXCEPT DISTANCE IS AROVE RHO
wi(l) = DR{3)*FLOAT(K1=2)

IF (K1.EGQeMAX1(3)) wWil(1l) = Y(3)

wi(2) = DR(2)*FLOAT (K2=2)

IF (K2.EQ.MAX1(3)) w1(2) = Y(2)

CALL INTRP (X+sRRoW1lyRH)

IF (w3(1)«NE.wW3(2)) CALL INTRP (XrRReW3rW3(1))
X(2) 1S Y DISTANCE ON 3-D PLANE ABOVE RHO
x{3) 1S Y DISTANCE Bel.Ow RHO

X{2) = w3(l)
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60

70
80

90

X(3) = RH
X(1) = RH
DO 60 J=1:3

wl 1) = weldel)

Wi(2) = walJr2)

CALL INTRP (X RHU»W1l,WH{J))
CALL PROP (w4 RH»RUVPH)
RUVP(2) = RH

FORMAT (8E16.8)

w IS INTERPOLATED W VALUES AT RHU
RETURN

1 =1

CALL PROP (W2+RH!'RUVF6)

60 10 70

END
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A A |
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- SIBFTC INTRPS LIST

[O2 ARV

DIMENSION R(3),P(3)

R X ARRAYr» THREE ENTRIES

P Yy ARRAYs THREE ENTRIES

S VALUE TO BE INTERPOLATED

P INTERPOLATED VALUE

X OISTANCES ARE REFERENCED TO k(1)

@1 = S=~R(1)
Q2 = R(2)=R(1)
G3 = R(3)=R(1)

C = ((P(2)=P(1))*Q3+(P(1)=P(3))*u2)/(Q2%33x{(Q2=-03))
IF C=0 LINEAR INTERPOLATION

IF (@3.EG.0.0) C = Q.0

B = (P(2)=-P(1)=C*G2**2) /@2

ANS = P(L)+B*Ql+C*xQ1 %%

RETURM

END
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© $IBFTC AUXPT LIST

C

10

20
C

30
C

40

SUBROUTINE AUXPTS (W13.W24+MAMAXMBC)
DIMENSION W13(80080),w2u4(80,80)

MBB = MBC+1

IF (MAX.LE.MA) GO TO 20

FILL IN UIAGONAL REFLECTION POINTS
MMAX = MAX=-1

0O 10 I=MA»MMAX

L = 1-3

DO 10 J=1+2

LL = ]=J

K = [+3=J

W13(I.LL) = W13(KeL)
w24 (l,LL) = wadlKeL)
W13(LkeI) = w24(LsK)
w24 (LLeI) = WI3(LK)

IF (MALGE.H) GO TO 3y
FILL IN REFLECTION POINTS AT CENTER ENGINE REGION

Wi3d(40»3) = W13(693)
W4 (ue3) = W24(603)
W13(3,4) ==W13(3¢6)
W24 (3,4) = W24(3r56)
Wl3(4e2) = W13(602)
W24 (4r2) = W24(602)
W13(2,4) ==W13(2:6)

wa4(2,4) = W24(2206)
GO 40 I=MA,MBB
REFLECT VALUES OF Nz3 INTO Nz=1 LINF

Wl3(lel) = W13(1+3)
W24 (Iel) = W24(I03)
W13(1.1) = wi3(3.1)
w4 l1s1) ==w24(3,1)
RETURHN

END
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$1BMAP
x

+UNOL.,
UNITOL

S IBMAP
*

sUNO2,
UNITO2

$IBMAP
*

+UNO3,
UNITO3

FILEl
JET TAPE INPUT
ENTRY +UNO1.

PZE UNITO1

FILE »B(1)READY)BINeBLK=2569 INOUT s HOLD ¢ HIGH
END

FILE2

CONTINUATION RUN INPUT
ENTRY +UND2.

PZE UNITO2

FILE »B(2) yREADY »BIN»BLK=256+ INOUT »HOLD»HIGH
END

FILE3

CONTINUATION RUN OUTPUT
ENTRY e UNO 3

PZt UNITO03
FILE ¢1B(3) o READY yBIN/BLK=256» INOUT»HOLD+HIGH
END




APPENDIX C

TWO-JET INTERACTION PROGRAM

Input Cards Format

FORTRAN Listing
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‘ 2IBFTC MAIN LIST 2JET

OO0OOOOONO0O

[aNake!l

OO0 OO0 OO0 OO0 OO0

OO0

2JET
2JET
2JET
2JET

2 - JET PROGRAM 2JET

2JET
2JET
2JET
2JET

COMMON /INPROP/ GAM,GAM1+¢GAMZ)MiN 2JET
DIMENSION W(4+¢56¢356) »W3D(3¢80+,2) 1 RX(3)sDR(3) ¢+ MAXL(3) e XX(20)9YY(3) 2JET
*rF(495603)1G(H4eS5693) oW1 (4) ) W2(H) v W3(4))WHIL)FL(4))F2(4)rGL(U)»G2(2JUET

*4) 2 UQM(4) »RWVP(H) rRUVP (L) »Y(3) s WS (4) 2JET
REAL LAMO,LAM1,LAM2 2JET
2JET

READ INITIAL CONDITIONS OR DATA PARAMETERS FOR CONTINUATION RUN 2JET
2JET

READ (5¢10) LMIN/LMAX MOy IJL e IFLG, IDIV»JUMPJUMPL,LAMOD»GAM, 2JET
1AS0rAS1,AS2/FACTORIRDJIWCICCHALF»TT,TSrDPRNTCNeCXRoDL o CL 2JET
10 FORMAT (8110/(8F10.5)) 2JET
RDJ = RDJ/CN 2JET
ADIV DIVIDES INTO LAM1 UNTIL INTERACTION STARTS 2JET
2JET

ADIv = 101V 2JET
IF (IDIV.EQ.,0) ADIV = 1.0 2JET
LMAX = LMAX+1 2JET
KRR = RDJ 2JET
DY = RDJ/FLOAT(MG) 2JET
DYY = DY SJET
IF (JUMP1.GT.LMIN) DY = DY/2.0 2JET
2JET

ONE UET*S CENTER IS AT M=z=s5 2JET
2JET

MB = MO+5 2JET
2JET

MC IS AUXILIARY GRID LINE TO RIGHT OF 3-D REGION 2JET
2JET

MC = MB+1 QJET
2JET

MA IS AUXILIARY GRID LINE TO LEFT OF 3-D REGION 2JET
2JET

MA = MB 2JET
2JET

NB IS MAXIMUM 3-U CALCULATED GRID LINE IN 2 DIRECTION 2JET
2JET

NB = 2 : 2JET
2JET

NBP IS AUXILIARY GRJID LINE ABOVE NBR IT IS FILLED IN WITH JET VALUER2JET
2JET

NBP = NB 2JET
ANB = 0,0 2JET
SJET

IF CONTINUATION KUN IS MADE, INFORMATION FROM PREVIOUS RUN IS 2JET
OBTAIN HERE 2JET
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270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
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2JET 560

IF (LMINJNE.1) READ (2) ws,LAMO»LAM]1,GAM/,MO+FACTOR,RRyNB»NBP+MAENT2JET 570

*H 2JET 580
2JET 590

PRINT DATA CAPTION 2JET 600
2JET 610

WRITE (6¢20) 2JET 620

20 FORMAT (1HL1e17(/)rU43Xs5(1H®) ¢25X s 1H*2XS(1H*) 0 2X7 (1H*) /42X1H*SX1H*22JET 630
*UXe2(LHAe2X) e TXo LHX/48X s 1H%® 124X2(1H*22X) o 7TX2 1H%/4TX,»  1H*» 82JET 640

*XpS(1H*) » 12X o LH% 02X o4 (1H*) 16X 1H*/USX o 1H% 027X 2 (1H% 92X ) ¢ 7X0 1H*/43X2JET 650
¥y lH* 222X 02 3Xp 1H*) 02X s 2(1H*rOX) o 7U2X2»TC1HX) 2 21X»3(1H*) »3X,5(2JET 660
*1H*) o 5X e LHX/ /725X 02 (LH*02X) o 3Xe LHx o 2X e TI1H*) e 2Xo S(1H%) s 2X e S(1H*) 2 42JET 670
X o4 (LH*) s 4 X oG CIH®) o 3X e 7(LH®) 92X e LHxp 3X ot (1H*) ,3X22(1H*05X) /25X 1H*2JET 680
*p2X o 20k ¥ s 4 X LHR e OX 0 LHKk e SX e LHR )X 1HEU X TH® 92X 9 LH¥ ,U4X s 1H® s 2X o 1H%,4X»12JET 690
KHE o SX o LHE o SX o LH* 02X p THE U X0 LH* 02X 0 2H ¥ 94X 0 LHX* /25X 0 1H*»2X» 3H* *93X»2JET 700
K 1H* o SXe LH* o SX o LH*¥ 06X e LHR 24X o 1HX 92X s L1H* 04X o LH% y2X» 1H* o 10X s 1H*ySX, 1H2JET 710
52X s 1H* o4 X LH*E 02X e ZH® ke 3Xp LHR/25X o 4 (1H%02X) yIX» LH* s SX2 4 (1H%) 93X 2JET 720
S (1H*) e3XeO(1HX) »2X g LH*, 10X r LHX e SXp LH¥x 92X LH* yUX s 4 (1H*92X) » /25X 9H2JET 730
k% * o3CLH*¥eOX) 92 (1Xe1HR) »1X2(UXo LH*) 2 2X1IHXSX e 2(5X e LHX) s 2Xs 1H*2JET 740
*02X02(2X 0 1H*) 03X e 3H% %x/25Xe2(3H% ) p3H  *x3(1H%xrS5X) +1SH * %02 (4X,1H2JET 750
%) p2X o IH® o UX o IH* e 2(SX e 1H®) s 2Xe 1H* o UX9»2(1H%xe2X) r4H *%/25X3H*x  »3(12JET 760
AHEPSX) 2S5 (1HE) p2X e IH%p 203X LH*) p X e 1H* 23X o4 (1H®) yIX» 215X s 1H*) , 3X 4 (2JET 770
*®1H*) 2 3X22(1H*9SX) 0/ //39Xe2(S(1H%) 9 3X) +SH *¥%x%,UXs 4 (1H%)+3XeS(1H%)»2JET 780
wUXY (1H®) 2 IX2(1H*»SX) o /39XE(LH* e 4 Xo IH: ) 22 (2H%¥,3X) » /39X6 (1HAUX3HX2JET 790
) o4(2H® ) o/39X2(S5(1H*) v 3X) s 1H*pUXo4HE %2 7X,S(1H®) 1 3Xe6(1H%) e 3(22JET 800
X plH%) 0 /32X02(TXe1H%) p3H *p2(4Xr1H%) e 2X012H%®  xxkx % % 2(4X,1H%x)»2JET 810

22X LH* 9 SX e LHxX) 2JET 820
WRITE (6030) 2JET 830

30 FORMAT (39Xe1lH*e 7TXe1H* o 3Xo 1H*»3X o 1H®p4X o LHX 92X 1HR s 4X o 1H*e2X e 1Hx ¢ 22JET 840
AX o LH%»2(4X o LHX) 02X 22 (1H%05X) / 2JET 850
* 32Xe2(7TXe1H%) o U4X o JTHRp3X s 4HR ek g U X o 4HE k29 3( 33Xy IHX) p4X o 4H* 2JET 860

* %x9p5Xxr1H%/1H1) 2JET 870
2JET 880

PRINT INPUT DATA DEFINITIONS 2JET 890
2JET 900

WRITE (6:40) 2JET 910

40 FORMAT (36Xe2(1H*202X) o4H * o4 (1ri%x) 923X e 1H*) p»2XsS(1H%) v 7Xe 4 (1H*)»2JET 920
KO Xy FHxxk» 3XeS5(1HX) » 3Xr IHRXR/I6X e DHx  *¥%p2(2X e 1H&) p1Xp2(2Xs 1H*) o 3Xe2JET 930
X2 (LH%oUX) 0 2X02(3Xr1HX) 12X02(1H*e3X) e3H * p2(3Xe1H%x)/10X»5(2H% ) ,142JET Q40
*¥Xe2(2XKelH%) 0 2(2H #) 42X o4 (1HX) 92 (3X) 1H*) 2 4X» LH2 v 6X»2(3X» 1Hx) 22X S(12JET 950
*HE) puX o 1HE o U4X)SULH¥) p 16X eS(2H %) /34X e I(IH %) y2(3H%x ) rU4X»2(1H*,3X2JET 960
) p2H *96Xe2(3X21H®) p2X02(1H*93X) 13H x »2(3Xe1H*)/3UXr2(3H *)91Xe22JET Q970
*¥(3H %) o 7XeIH&x¥ 00X » LH* g QX o 4HEx %% p 2 (3X e LH*) 22 (UX o 1H*) »3Xe 1H*/////)2JET 980

WRITE (6050) GAM 2JET 990

50 FORMAT (48X»30HRATIO OF SPECIFIC HEATS GAM = ,F6.2/78Xe6(1H=)/) 2JET3000
RDJJ = RDJU*CN 2JET1010
WRITE (6060) RDJJ 2JET1020

60 FORMAT (26X»T74HHALF THE SEPARATION DISTANCE OF THE AXIS OF THE TWO2JET1030
* NEAREST JETS IS RDJU = »F7¢3/7100X¢7(1H=)/) 2JET1040
wWRITE (6070) CN 2JET1050

70 FORMAT (31Xr63HTHE RADIUS OF THE INITIAL DATA LINE FOR THE SINGLE 2JET1060
*JET 1S CN = »F6e3/94X06(1H=)/) 2JET1070
WRITE (6+80) CXR 2JET1080

80 FORMAT (21Xs84HTHE DISTANCE BETWLEN NOZZLE EXIT AND ORIGIN OF THE 2JET1090
*POLAR COORDINATE SYSTEM IS CXR = »F6¢3/7105Xe6(1H=)/) 2JET1100

97




WRITE (6.90) MO 2JET1110
90 FORMAT (18Xs94HVHE NUMBER OF GRID INTERVALS BETWEEN THE AXIS OF CE2JET1120
*NTER JET AND THE INTERACTION PLANE IS MO = ¢13/112Xs3H===/) 2JET1130
WRITE (60100) LAM) 2JET1140
100 FORMAT (37Xs52HRAI0 OF GRID CROSS PLANE STEP SIZES D2/DY IS LAMO=2JET1150
* 1F643/89X06(1H=)/) 2JET1160
LL = LMAX=LMIN 2JET1170
LMAX1 = LMAX=1 2JET1180
WRITE (60110) LL/LMIN,LMAX]1 2JET1190

110 FORMAT (29X¢22HTHIS RUN WILL COMPUTE +I4,26H CROSS PLANES FROM LMI2JET1200
*N = pI4r6H THRU 18H LMAX = »I4/51Xs4Hm===126Xs4Hmm==p 14X)4H====/) 2JUET1210

IF (DPRNT.EQ.0+0) WRITE (6¢120) 2JET1220

120 FORMAT (42Xe48HPRINTING OCCURS FOR EVERY CALCULATED CROSS PLANE//)2JET1230
IF (DPRNT.NE,0«0) WRITE (5r130) DPRNT 2JET1240

130 FORMAT (37Xe26HPRINT INTERVAL IS DPRNT = »F7.4¢25H NOZZLE RADII DO2JET1250
*WN STREAM/63Xe7(1H=)/) 2JET1260
WRITE (60140) JUMP1 2JET1270

140 FORMAT (28Xs52HTWICE AS MANY GRIUL INTERVALS ARE USED FOR THE FIRST2JET1280
* 912+21H CROSS PLANES (JUMP1) /80X 2Hw==/) 2JET1290
WRITE (60150) IFLG 2JET1300

150 FORMAT (46Xe16HTHERE ARE IFLG =,12,23H SHOCK POINTS INITIALLY/63Xe2JET1310
*x]1H=/) 2JET1320
WRITE (6¢160) ALF 2JET1330

160 FORMAT (44X»39HTHE FACTOR ALF FOR THE INITIAL STEP IS »F8.4/83X+y8(2JET1340
*¥1lH=)/) 2JET 1350
WRITE (6:,170) IDIV 2JET1360

170 FORMAT (36Xe2uHDX IS DIVIDED BY IDIV = ¢I2¢33H UNTIL INITIAL INTER2UET1370
*ACTION OCCURS/60X e 2t m=/) 2JET1380
WRITE (60180) JUMP 2JET1390

160 FORMAT (30Xe17HTHERI ARE JUMP = »I4s51H PLANES CALCULATED WITH LAT2JET1400
*ERALLY UNCENTERED St AEME/4TX14Hmm==/) 2JET1410
WRITE (60190) TT»TS 2JET1420

190 FORMAT (11Xs85HVALL S OF THE UNCENTERED DISTAMNCES FOR THE SCHEME A2JET1430
*T THE INTERACTION F ANE ARE TT = »F7e4¢10H AND TS = +F7.4/96Xe7(12JET1440
*H=)p10Xe 7(1H=)/) 2JET1450
WRITE (6e200) CC 2JET1460

200 FORMAT (41Xs42HTOL RANCE ON THE VALUE OF ENTROPY IS CC = ,F9,4/83X2JET1470
¥1G(1H=)/)  2JET1480
WRITE (60210) C 2JET1490

210 FORMAT (29Xr68HTL Zi:#NCES THAT CONTROL THE LATERAL SPREADING OF 3-2JET1500
*D REGION IS C = F%5,3/97X15(1H=)/) 2JET1510
WRITE (60220) FA' JOR 2JET1520

220 FORMAT (35Xe52HC NSTANT MULTIPLIER FACTOR TO LAM1 TERM IS FACTOR =2JET1530
x sF7.4/87X27(1H /) 2JET 1540
WRITE (6+230) A JerASL1IAS2 2JET1550

230 FORMAT (33X»30F HE DAMPING FACTORS ARE ASO = ,F7.3»7H AS1 = »F7,3,2JET1560
¥7H AS2 = sF7.3 03Xe3(6(1H=)e8X)/) 2JET1570
WRITE (6:240) JL 2JET1580

240 FORMAT (43Xei¢ ATHE ELEMENTS IJL = ,I2¢25H OF w IS USED FOR DAMPING2JET1590
*/62Xe2H==/) 2JET1600
WRITE (60250) DL.CL 2JET1e1l0

250 FORMAT (31Xe4+7HTHE ARTIFICIAL VISCOSITY COEFFICIENTS ARE DL = ¢F7.2JUET1620
*3910H AND CL = »F742/778Xe7(1H=)»10X»7(1H=)/1H1) 2JET1630
MA3D = MA-l 2JET1640
GAMLl = GAM/(GAM=~1,0) 2JET1650
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280
290

310

GAM2 = (GAM+1,0)/(GAM~1,0)
H = ,5*GAM2

XDIST = 0.0

LPLANE = LMIN

JET TAPE 1S READ BELOW

00 260 I=1r19

Xx(l) = 0,0

IF (1.LT«3) YY(I) = 0,0
60 TO 290

RX€(3) = Rx(2)

Y(3) = Y{(2)

CR(3) = DR(2)

MAX1(3) = MAX1(2)

MAXX = MAX1(3)

DO 280 MzZ2¢MAXX

U0 2680 I=1+¢3

wW3D(IeMp2) = W3ID(IsM,1)

2JUET1660
2JET1670
2JET1le80
2JET1690
2JET1700
2JET1710
2JET1720
2JET1730
2JET1740
2JET1750
2JET1760
2JET1770
2JET1780
2JET1790
2JET1800
2JET1810
2JET1820
2JET1830
2JET1840
2JET1850
2JET1860

READ (1) XDsRX(2)eDXrY(2)oDR(2) o MAX1(2)» ({W3D(1y»Jr1)»I=1+3)rJ=1,802JET1870

*)

IF (RReNE.RDJ) GO TO 330
Lo 300 I=l.19

J = 20-1

XX(J+1l) = XX(J)

IF (JLTe3) YY(J+L) = YY (D)

XX(1) = RX(2)
YY(1) = Y(2)

2JET1880
2JET1890
2JET1900
2JET1910
2JET1920
2JET1930
2JET1l9490
2JET1650
2JET1960

IF PLUME OF JET 1S LESS THAN INTERACTION DISTANCE CONTINUE TO READ2JET1970

JET TAPE

IF (Y(2).LE.RDJ) GO TO 290
CALL INTRP (YY/RDJ2XX+RR)

RRDJ IS DISTANCE FROM NOZZLE EXIT INTERACTION OCCURS

RRUJ = RR
RXP = CN*RR=CXR
WRITE (6+310) RXP

2JET1980
2JET1990
2JET2000
2JET2010
2JET2020
2JET2030
2JET2040
2JET2050
2JET2060
2JET2070

FORMAT (36Xs22HINTERACTION WILL OCCUR*F1l0.5r28H EXIT RADII FROM NO2JET2080

*Z22LE EXIT///77)

CALCULATE SHOCK PROPERTIES BELOW
FIKST SHOCK PROPERTIES DETERMINEL ARE USED IN THE REGION OF M=Mg

MM = MAXL(2)
wi(l) = wW3D(1,MMs1)
wl(2) = w3D(2,MM,1)

99

2JET2090
2JET2100
2JET2110
2JET2120
2JET2130
2JET2140
2JET2150
2JET2160
2JET2170
2JET2180
2JET2190
2JET2200
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320
330

340

Wi(3) = wW3D(3,MM, 1)

wi(y) = 0,0

CALL PROP (W1+UQMsRWYP5)

TNB = (RWVP(3)/7UQM(1) ) %x%x2

SNB = TNB/(1,+TNB)

P S(=(UGM(3)*%2+424) /7UQM(3) *%2-GAM%SNB) /3,

2JET2210
2JET2220
2JET2230
2JET2240
2JET2250
2JET2260

Q = (2.%¥UGM(3) *%241,)/UGM(3) x4+ ( (GAM*1 ) %%x2/4 ¢+ (GAM=1,)/UQM(3) x*22JET2270

*) *SNB

R = (SNB=1e)/7UQM(3) %%y
A = Qe=3.*¥P*%2

B = R=P*Q~=2+%ABS(P)*xx3,

PHI = (ACOS(=,5%B/ (ABS(A)/3¢)%x%x1,5))/3«

AA = 2.*SQRT(=A/3.)

PI3 = 2.0943952

YY(1) = AAxCOS(PHI)-p

YY(2) = AA*COS(PHI+P[3)=P

YY(3) = AA*COS(PHI+2,%PI3)=P

B = AMAX1 (YY(1)eYY(2))

IF (YY(3).LT.B) B = AMAX1(YY(3),AMINLC(YY(1)rYY(2)))
AM = UGM(3) *%2*B

PPP = (2¢%GAMXxAM=GAM+1,)/(GAM+1.)

RRR = (GAM+1,)*AM/ ((GAM=1,)%AM+2,)

B = AM*(GAM+1,)*%*2

PR = PPP/RRR

AM2 = (UGM(3) % %x2*B=y 4k (AM=1,)%x (GAM%AM+1,) )/ (BxPR)

CALCULATE INITIAL LAM1

LAML = FACTOR*SQKT(AM2=-1.0) % ALF

RuB = RwWVP(1)
U3Db = ueMm(l)

GB = RWVP(3)
PJUB = RWVP(4)

Q2 = SQRT(U3D**2+QAB**x2~GAM1*PUB/RUB*2+0* (PPP/RRR~1,0))
w(lrMise2) = Q2*RUB*RRR

W(2:MBr2) = Q2x*2*RJUB*RRR+PJB*PPP
W(3,MBe2) = 0.0
W(4sMBr2) = 0.0

DETERMINE ACTUAL STARTING DISTANCE FROM NOZZLE EXIT

RR = RR=LAMixDY

LAM1l = LAM1/ADIV

BACKSPACE 1

DO 320 I=1.20

IF (xX(1).GT.RR) BACKSPACE 1

GO TO 290

IF (RXx(2).,LT,RR) GO 10 270

READ (1) KeRX(1)eKeY(1)sDR(1)rMAX1(1)
BACKSPACE 1

FIND RADIUS OF JtT AT GIVEN DISTANCE FROM NOZZLE EXIT
CALL INTRP (RX+RReY,YBD)
JJ = 0 .

100

2JET2280
2JET2290
2JET2300
2JET2310
2JET2320
2JET2330
2JET2340
2JET2350
2JET 2360
2JET2370
2JET2380
2JET2390
2JET2400
2JET2410
2JET2420
2JET2430
2JET2440
2JET2450
2JET2460
2JET2470
2JET2480
2JET2490
2JET2500
2JETZ2510
2JET 2520
2JET2530
2JET2540
2JET2550
2JET2560
2JET2570
2JET2580
2JET2590
2JET2600
2JET2610
2JET2620
2JVET2630
2JET2640
2JET2650
2JET2660
2JET2670
2JET2680
2JET2690
2JET2700
2JET2710
2JET2720
2JET2730
2JET2740
2JET2750
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JJJ 1
NBB NB
IF (RR.LT.RRDJ) GO TO 350

COMPUTE 3-D REGION IN Z DIRECTION

ANB = 2,0+SQRT((YBD/ (LAMO*DY) ) *%2=(DYY/DY*FLOAT(MB=5) /LAMO) *%2)

NB = ANB+1.0
IF (NB.GT.55) CALL pump

ANB = (ANB=2.0)*LAMOXDY*CN
NBP = NB+1
350 J = ¢
360 J = J+1
Jud = JJ+l
EXPAND 3=D REGION IN Y DIRECTION
MA = MA -]
MAX = MA

BELOw JET VALUES ARE CALCULATED AND ARE FILLED INTO THE MESH WHEN

IT IS NECESSARY

370 DO 450 N=2+NBP

THE FOLLOWING TWO STRINGS OF IF STATEMENTS DETERMINE WHICH POINTS

MAY NEED JET VALUES

IF (UJsEQel1«ANDeNG4GT,2) GO TO 450

IF (LPLANE+EQel+AND,JJ.EQ.1,AND.IFLG.EQ.0) MAX = MB
U0 440 Mz=MA,MAX

IF (JJJeNEe1sANDeMJNEJMM) GO TO 440

AN 1S Z DISTANCE OF GRID POINT FROM CENTER JET

AN = FLOAT(N=2)*LAMQ

AM IS Y DISTANCE OF GRID POINT TO CENTER JET

AM = IFIX(DYY/DY)*(MB=5)+M=MB

RHO 1S ACTUAL DISTANCE FROM GRID POINT TO CENTER JET OR M=M2 JET

RHO = DY*SQRT (AN*%24AM*%x2)

IF (RHO.GE.YBD) GO TO 380

IF (MJNE+MBsOReN«LT,NBsORN,LE.NcB) GO TO 390
CALCULATE JET PROPERTIES FOR PARTICULAR MESH POINT

380 CALL JET (W3DrRUVP»YBD/DRoMAX1»Y RXeRRy1)

101

2JET2760
2JET2770
2JET2780
2JET2790
2JET2800
2JET2810
2JET2820
2JET2830
2JET2840
2JET2850
2JET2860
2JET2870
2JET2880
2JET2890
2JET2900
2JET2910
2JET2920
2JET2930
2JET2940
2JET2950
2JET2960
2JET2970
2JET2980
2JET2390

2JET3000

2JET3010
2JET3020
2JET3030
2JET3040
2JET3050
2JET 3060
2JET 3070
2JET3080
2JET3090
2JET3100
2JET3110
2JET3120
2JET3130
2JET3140
2JET 3150
2JET3160
2JET3170
2JET3180
2JET3190
2JET3200
2JET3210
2JET 3220
2JET3230
2JET3240
2JET 3250
2JET3260
2JET3270
2JET3280
2JET3290
2JET3300
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390
400

410
420

430

440

450

COMPUTE REFERENCE ENTROPY

IF (LPLANE.EQ.1) ENTH = CC*RUVP(4)/(RUVP(1)**GAM)

GO TO 400

CALL JET (W3D»RUVPYRHO/DRyMAX1eY»RXsRR¢2)
RJB = RuUvP(1)

U3D = RUVP(2)

0B = RUVP(3)

PJB = RuUVP(4)

2JET33510
2JET3320
2JET3330
2JET3340
2JET3350
2JET3360
2JET3370
2JET3380
2JET3390
2JET3400

BELOw IS DETERMINED THE COMPONENT OF VELOCITY IN THE PLANE V3DsW3D2JET3410

ANGS = ATAN2(AN»AM)

V3D = QB*COS(ANGJ)

w3D = QB*SIN(ANGJI)

IF (M.EQ.MB ) V3D = 0.0
DO 420 K=1e4

W1(K) = W(KesMsN)

IF (JUJoNE+1+ORWLPLANE «EQel) GO TO 430
CALL PROP (WleW2rRWYP»S)

C IS TOLERANCE APPLING TO MA EXPWNSION

IF ANY OF THE FOLLOWING FOUR TEST TRANSFERS T0Q 350 THE 3-D REGION
wIlLL EXPAND

IF (ABS(GB=SQRT(RWVP(2)**2+RwVP(3) *%2)).GT+C*@B) GO TO 350

IF (ABS(U3D=W2(1)})+GT.CxU3D) GO TO 350
IF (ABS(RJB=RWVP(1)) .GT.CxRJE)
IF (ABS(PJUB=RWVP(4)) ,6T.CxPUB)

GO T 440
WilsMpN)
W(2,MeN)
W(3eMeN)
Wlg,MmeN)
CONT INUE

Jddz1l,» FO

R

RJUE*U3D
RJB*U3D**x2+PJB
RJB*U3D*V 3D
RJB*U3D*wW30D

AUXILIARY JET POINTS

JJuz2,» FOR ENTROPY UET POINTS

SNNERYLY)
SIZES

AND 5 FOR AUXILIARY FILL IN JET POINTS WHEN MESH CHANGES

GO TO 350
GO TO 350

GO TO (4500510¢5609540,540) JJJ

CONT INUE

THIS ENDS THE CALCULATION OF JET POINTS

IF (WBP.EG.NB) NEP = NB+2
IF (JsEQel) GO TO 360
IF (NB.EGe2) NB = 3

b=
[
no

2JET 3420
2JET 3430
2JET 3440
2JET3u50
2JET3460
2JET 3470
2JET 3480
2JET3490
2JET3500
2JET3510
2JET 3520
2JET3530
2JET 3540
2JET 3550
2JET 3560
2JET3570
2JET 3580
2JET3590
2JET 3600
2JET3610
2JET 3620
2JET3630
2JET3640
2JET 3650
2JET 3660
2JET 3670
2JET 3680
2JET 3690
2JET3700
2JET3710
2JET3720
2JET3730
2JET3740
2JET3750
2JET3760
2JET3770
2JET3780
2JET 3790
2JET3800
2JET3810
2JET3820
2JET 3830
2JET 3840
2JET 3850



OO0

OO0

OO0

OO0

[aNaX el

OOO0OO0OO0

460

470
480

490
500

510

520

IF (MAJEGQ,5) STOP
IF (LPLANE.NE.1) GO 10 470
IF (IFLG.NE.2) GO TO 520

CALCULATE SHOCK POINTS

DO 460 J=1r4
w(JrMBe3) = W(JeMBe2)

60 TO 520

COMPARE THE ENTROPY AT EACH 3=D MESH POINT WITH THE REFERENCE
ENTROPY

NN = NBB + 1

NN = NN -« 1

MM = MC

MM = MM=1

CALL PROP (W(1,MM,NN),UQM,RWVP,S)
IF (UGM(4) +GTLENTH) GO TO 510

J = 2

Jd = 2

JJJ = 2

REPLACE 3=~D VALUES WITH JET VALUES

60 TO 370
UU = ATANZ (1.0¢50RT(UGM(3) *%2=1,0))

FINU MINIMUM LAML

UM = ABS(ATANZ (ABS(RWVP(2))2UGM(1))+UL)
UMl = ABS(ATAN2 (ABS(RWVP(3)),ueM(1))=UU)
IF (UM1.6GT.UM) UM = yMml

IF (MMeEQeMB.AND.NN,EQ.NBB) UN = UM

UN = AMAX1 (UN»UM)

IF (MMeGT MA3D) GO TO u9u

IF (NNeGT42) GO 10 4450

LAM1 = FACTOR/TAN(UN)

IF (RR.LT.RRDJ) LAM1 = LAM1/ADI1V

LAM2 1S LAM1 FOR 2=JeT CONNFIGURATION

LAM2 = LAM1/LAMO
DOUBLING MESH SIZE OCCURS BELOW

IF (LPLANENE.JUMP1l)Y GO TO S70
JJJ = 2
IF (MOD(NBPr2) ¢EWel) JJJ = 4

NB = (NBP+1)/2
NN = 2
NBP = NB+1

IF (JJJ.EQel4) NN = NpP
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2JET 3860
2JET 3870
2JET 3880
2JET 3890
2JET 3900
2JET3910
2JET 3920
2JET3930
2JET 3940
2JET 3950
2JET3960
2JET3970
2JET3980
2JET 3990
2JET4H000
2JET4010
2JET4H020
2JETU030
2JET404H0
2JET4050
2JETLO60
2JETHQ070
2JET4080
2JETLH090
2JET4100
2JET4110
2JET4120
2JETH130
eJETH140
2JETH150
2JET4160
2JET4170
2JETL4180
2JETU190
2JETH200
2JET4H210
2JETH220
2JETH230
2JETL 240
2JET4250
2JETUL260
2JETL270
2JET4280
2JET4 290
2JET4300
2JET4310
2JETY320
2JET4330
2JETH340
2JETH 350
2JETH360
2JET4370
2JET4 380
2JET4 390
2JET4400
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S4U

550

560

570

580

590

000

MM = MB=MA
IF (MOD(MM22) JEQel) UJJ = JJJ+1
MA = (MA+MB+1)/2

STORE EVERY OTHER GRID POINT BACK INTO ORIGINAL MATRIX

DO 530 N=2.NB

DO 530 I=MA.MB

M = MB+MA=I

K = 2xM=MB

00 530 J=1r4

WlJrMeN) = W(JerKe2%XN=2)

DY = 2.0%DY
MM = MA
MMM = MM
MT = uM

IF (UJJ.t@e.2) GO TO 570

FILL IN AUXILIARY JET GRID LINES IF NEEDED

GO Tu 370

MM = MM+]

IF (MTGE.MB) IF (JJu=t) 550+,570¢,5%0
MT = MM

GO TU 37V

MM = MMM

NN = ¢

JJJd = 3

60 TO 370

NN = nN+1

IF (iWNeGTNBP) GO TO 570
60 TU 370

CONT IHNUE

MA3D = MA+l

REFLECTION POINTS ARE FILLED IN

DO S8V N=2NBP

0O 580 J=1lel

W{JeMCrN) = W{JrMBel)N)*FLOAT((J=1)%(J=2) % (J=y)+1)
DO 590 Mz=MA»MC

U0 590 J=1rb

WlJdeiel) = WIJrMe ) %FLOAT((1=J) % (2=J) *(3=U)/3+1)
PRINT EVERY DPRNT INTERVAL

IF (KR«LT.XDIST) GO TQ 670
XDIST = RR+DPRNT/CN

WRITE HEADER FOR QUTPUT

IF (LPLANESNELMIN) wRITE (61600)
FORMAT (1H1)
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2JETY4410
2JETL420
2JETu430
2JETu440
2 JETu4%0
2JET4460
2JET4470
2JETL4480
2JETLY490
2JETUS500
2JETU510
2JET4520
2JETH530
2JETU4540
2JETY550
2JETUS860
2JETURT70Q
2JETU580
2JET4590
2JET4600
2JETug10
2JETugen
2JET4630
2JETheH0
2JETHE5ND
2JETue60
2JETUg70
2JET4680
2JETL4690
2JETLH700
2JETH710
2JETY4 720
2JET4730
2JETYH740
2JET4750
2JET4760
2JETLH770
2JETH780
2JETH4790
2JET4800
2JETu4810
2JETug20
2JETu 30
2JET4840
2JETL4850
2JETH860
2JETH870
2JETLH880
2JETug90
2JET4H900
2JETLa10
2JET4qg20
2JETU4930
2JETu9un
eJETHO5(




OO0 aNaNe]

OO0

OO0 OO0

COOOO0O0

610

RXP = CN*RR-CXR
WRITE (6¢610) LPLANE,LAM1,LAM2,RXP,ANB,DY
FORMAT ( 1Xe3HL =015,

WRITE (6:620)

9X» THLAM 1 =»F10,5¢10X»7HLAM 2 =»F10.5/
*¥10Xo3HX =oF10e5r10Xo4HZI =eFLl0e5r8Xe4HDY =2F7,4//7)

2JETU960
2JET4970
2JETL4980
2JET4990
2JET5000

620 FORMAT (13Xs»7HOENSITY+5X»BHPRESSURE »4X s 11HTEMPERATURE »4X, THENTROPY2JET5010 |
2JET5020 |
2JETS030 |

96X 4 (BHVELOCITY »5X) »8HMACH NO)
IPAGE = ©

IF (LPLANE.EQ.1) IPAGE = 312

WRITE (60,630)

2JETS040
2JET5050

630 FORMAT (3X»1HMeU4Xr1HN» 7Xe 1HR» 12X 1HP» 12X 1HT 212X 1HS»12X» 1HU» 12X 12JET060

o0

050
o060

070

#HVp12X0 1HWo 12X 1H1Qr 12X 0 1HM/ /)

LO 660 N=2+NB
WRITE (60640)
FORMAT (1H )

IPAGE = IPAGE+1
U0 boU M=MA3D.MB
IPAGE = IPAGE+1

KEEP LINE COUNT FOR HEADING AT TOP OF EACH PAGE

IF (IPAGE.LT.60)
IPAGE = 2
wRITe (60630)

GO T0 650

COMPUTE AND PRINT W PROPERTIES

CALL PROP (W(1eMiN)owlewW2,4)
CONT INUE

SOLVE FOR X DISPLACEMENT FROM NOLZLLE EXIT FOR NEXT PLANE
RR = RR+LAM1=x*DY

LPLANE = LPLANE+L

CALL INTRP (RX+RKeY,YYBD)

COMPUTATION TERMINATES IF RADIUS OF JET FROM AXIS TO BOUNDARY IS
DECREASING

IF (YY3DJLT.YBD) STOP

COMPUTE F AND G FUNCTIONS OF w TAKING ONE GRID LINE AT A TIME
#HILE HOLUING N CONSTANT

CO 750 N=2sNB
DO 700 M=MA,MC
IF (N.NEs2) 60 TU 680

THIRD SUpSCRIPT UF F AND G POSITIONS GRID POINT IN Z DIRECTION

IF SUBSCRIPT = 2+ N
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2JET5300
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2JET5320
2JET5330
2UET5340
2JET5350
2JET5360
2JET5370
2JETH 380
2JET5390
2JETS400
2JETS5410
2JETS420
2JETS430
2JETS440
2JETS5450
2JETS460
2JETS470
2JETS480
2JET5490
2JETS500



. CALL PROP (W(1eMeN)»F(19oMy2)9G(1yMy2)0r1) 2JETH510

C 2JETs520
C IF SUBSCRIPT = 3» N-) 2JETS530
C 2JETS5540
CALL PROP (W(1eMrN=1) F(1iMr3)sG(1,Mr3)01) 2JET5550

60 TO 700 2JETH5560

C 2JETHS570
C wHEN N INCREASED BY ONE F ANU 6 SUBSCRIPTS 1 AND 2 INCREASE BY ONE2JET5580
C 2JET5590
080 DO 690 I=1r2 2JETH600

h = 41 2JETH610

DO 690 J=1+4 2JETH620
FlJerMeK) = F(JrMeK=1) 2JET 9630

090 G(JrdsK) = G(JrMeK=1) 2JETS640

C 2JETH650
C IF SUBSCRIPT = 1» N+} 2JETS660
C 2JETS5670
700 CALL PROP (Wl1leMeN+1) s F(1oMe1)eG(1,Mrl)el) 2IETL680

C 2JET5690
C 2JETS5700
C eJETS710
C BELOW W VALUES ARE COMPUTED FOR [EXT PLANE 2JETS720
C 2JETH730
C 2JETS5740
C 2JET5750
LC 7v6 M=MA3DMB 2JETH 760

CALL PROP (W(1leMrN)»UGM)RWVPS) 2JET5770

. UU = ATAKNZ (1.0¢SQRT(UGM(3) *%2=1.0)) 2JET5780
UM = ABSCATANZ (ABSIRWVP(2)) ruQM(1))y+ul) 2JETSH 790

UMl = ABS(ATAN2 (ABS(RWVP(3))u@M(1))=UU) 2JETH800

IF (UM1,G6T.UM) UM = gyMi 2JETs810

C 2JETS820
C UISTANCE OF FIRST STEP OF TwO STeP METHOD 1S FOUND 2JET5830
C 2JETH840

S Z 5% (1,0+AS0* (FACTOR/LAML/TAN(UM)=Le0) +AS1*| AMI*(F (TJLyM+1+2)=F (2UETHB50
* I L eni=102)) /W (TJLIMyN)+AS2*LAMR* (G(TIJL My 1)=G(IULIMy3)) /W (IJLIMiN)2UETH860

*) 2JETH870

IF (M.EQ.MBsANDLPLANE.LE,JUMP) GO TO 720 2JETS880

C 2JET5890
c STANUARD PROCEDUKE FOR CALCULATIUN W*'S AT S 2JET5900
C 2JET54q10
UO 71u J=1e4 2JET5920

Widu) = 5xlw(Jemi+l e N)+WIJrMeIN) ) +SxLAMIR(F(JrM4192)=F (JrMe2) ) +.25%2JETH930
¥SALAM2*(G(JrMr 1) =G(UsMr3)+G(JrM+101)=C(U,M+103)) 2JET5940
weld) = «o¥(Ww(JdeM=d, i)+ (JrMiN))+SkLAMI* (F(JrMr2)=F(JsM=112))4.25*2JET5950
*¥SxLAM2¥ (G{JrMe 1) =G(JrM13)4G(JrM=lr1)=G(JpyM=11r3)) 2JETS5960
W3(J) = 5% (W(JrMeIN) +W(JaMeN+1) )+ 265%SkLAMIR(F(JsM+101)=F(JrM=1,1)2UET5970

X +F LUy M1 0 2)=F(JrM=1,2) ) +SxLAM2R (G(JsMr 1) =G{JrMr2)) 2JET5980

710 Wy lu) = o (WJrMaN)I+W({JrMIN=1) )+, 25%SkLAMI* (F(JrM+193)=F (JrNM=1,3)2JETH990
*HF (UpMH1,2)=F(Jrii=1p2) ) +SxLAM2R(G(JrMr2) =G (JeMr3)) 2JETH000

GO0 Tu 74U 2JET6010

C 2JET6020
C SPECIAL PKROCEDURE FOR FINDING wtS AT MzMB AND S 2JET6030
C 2JET6H040
‘ 720 0O 75U J=1rb 2JET6050
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(e NeNe)

730

740

750

760

Wl(J) = W(JDM'N)+05*TT*(W(JOM+1'N)-W(JIM—1ON))+.5*TT**2*(W(J'M+1'N2JET606O
*)*W(de-er)—Z-U*W(JrM'N))+o5*5*LAMl*(F(J'M+1'2)-F(J'M—1'2))*o5*S*2JET6070
*LAMZ*(G(J'Mol)—G(de,S))+S*LAM1*TT*(F(J'M+102)+F(J'M-1'2)-2o*F(J'M2JETbOBO
*'2))+.25*5*TT*LAM2*(G(JaM+1vl)-G(d,M+193)-G(JvM-101)+G(J0M-103)) 2JET6090

wa2ilJ) = W(JleN)~o5*TT*(W(J'M+1'N)-W(JOM—11N))+.5*TT**2*(W(J.M+1rNZJETﬁlUO
*)*w(de-lvN)°2.0*W(J'M'N))+.b*5*uAM1*(F(J'M+l'2)-F(JOM-1'2))+.5*S*2JET6110
*LAMZ*(G(Jonl)-G(JvM'S))—S*LAMI*TT*(F(J'M+1'2)+F(J'M-1vZ)-Z.*F(J'MZJET612O
*02))-oZS*S*TT*LAMZ*(G(JvM+l'l)-G(J'M*lvb)-G(JrM—l71)+G(J9M—103)) 2JET6130

wilu) = W(J'MvN)+05*TS*(W(J'M'N#l)-W(J'M'N—l))+.5*TS**2*(W(J'M'N*IZJETleO
*)4W(doMoN-l)~2c0*N(JcMcN))*.b*S*LAMl*(F(d'M+l'2)°F(J'M-1'2))+-5*S*2JET6150
*LAMZ*(G(J!MOI)-G(JOM73))+.25*S*LAM1*TS*(F(J0M+1'1)—F(J'M-1'1)-F(dv2JET6160
*M+l'5)+F(J'M-lv3))*S*LAMZ*TS*(G(J'M'1)+G(J'M'3)-2.0*G(J0M'2)) 2JET6170
w4 (J) = W(J'M'N)'-S*TS*(W(J0M0N+1)—W(J'M0N—l))+.5*TS**2*(W(J;M-N*lZdETbl&O
*)+W(d;M-N-l)-2.0*W(JvM'N))+.b*S*LAM1*(F(J9M*1'2)-F(J'M-1'2))+-5*S*2JET6190
*LAM2*(G(J0M'1)‘G(JOM'3))-QZS*S*LAMI*TS*(F(J'M+1'1)’F(JDM'1'1)‘F(d'2JET6200

*M+1,5)+F(J'M—1.3))-S*LAMZ*TS*(G(J.M'1)+G(doM-3)-2.0*G(de02)) 2JET6210
2JET6220
DETERMINE F AND 6 PROPERTIES OF w AT S 2JET6230
2JETH240
CALL PRCP (WL1(1)FL(g) UQMI2) 2JET6250
CALL PROP (W2(1)sF2(1)rUQM,2) 2JET6260
CALL PROP (W3(1) UQM,G1(1)3) 2JET6270
CALL PROP (Wg (1) UGMsG2(1)+3) 2JET6280
2JET6290
STORt RESULTS OF W IN TEMPORARY UNUSED SECTION OF W MATRIX 2JET6300
2JET6310
DO 790 J=1reb 2JET6320

wlJdrM=1,N=1) = ((DL+160)/2.0%(CL=0,5)70.5+(DL=1,0)/2.0)*W(JrM/N)+ 2JETE330
*(DL+1.0)/2.0*CL*(LAMl*(Fl(J)—FZ(J))+LAM2*(61(J)-GZ(J)))+(.25*(1.0-2JET6340
*(CL-O.S)/U.S)*(DL+1.U)/2-0-0.5*(bL-l.O)/ZoO)*(Wl(J)+w2(d)+W3(J)+Wu2Jth350

x(J)) 2JETH360
2JET370

RESTOKE w VALUE CORRLCTLY 2JETH380
2JET6 3490

DO 700 I=2¢NB 2JET6400
N = Np+2=-1 2JETH410
DO 760 M=MA3D,MC 2JET6H20
UO 76l J=1lr4 2JET6H430
wildeiiell) = W(JsM=1eN=1) 2JETou4Q
2JETeU50

2JET6460

2JEToHl70

MA = MA+2 2JET6480
1F (LPLANE.LT,.LMAX) 60 TO 78U 2JETHR9D
2JET6500

STORE INFORMATION FOR CONTINUATIUN RUN 2JET6510
2JET6520

2JETH530

WRITE (3) WrLAMO»LAML+»GAM,MQ,FACTOR,RRyINB¢eNBPyMA»ENTH 2JETe540
2JETH550

sRITE OUT LAST PAGE 2JETH560
2JETH570

WRITE (6¢770) 2JET6580

770 FORMAT (LHLe8(/) r206oX e 1H%X/) 165X s 1H¥ 23X 5(1He ) /65X 1 LH* 16X 0 1H. /65X 2JETE590

‘,..-\

1HXp 5% e 1H /765X e 1Hikehx 9 1H./ 65X e 1ri%p3X15{1H) /6 (65X 1H*/) 1 45X» 3(2H*2JETHE600



OO0 OO0

780

* ) plyxelHA»14Xe3(2H %) /40X e 1H*0 13X, 1H*2 10X, 1H%x2 10X s 1H* 213X 0 LH*/38X2JET6610
® e lHxp 17X o LH* e BXeLH* 08X 0 1H*» 17Xe 1H*x /65X e LH* /36X 1H% 21 X2 1H206X ¢ 1H* ¢ 2UET6620
*6X o 1% 221 X0 TH®/60X » LH*/35X s LM% 0 23X, 1H¥ e SX e 1H* ,SX» 1H* 2 23X » 1H* /25X 42JET6630
*L(2Hx )/35Xe1H* 023X 1H*»SXr LHkrSX e 1H% 023X 0 LH* /762X o UHx %9 33Xe1H, ¢ 32JUETH640
AX o LHe /36X e 1H* 921X 0 IH®x s 6X o IH* 06X 0 LH¥ 9 21Xo 1H* ¢ SX02(2Hs ) /59Xr LH*15X 0 2UET6650
LX) 35X e 1He /38X 1H*, [ 7X, 1H* o 8Xe Lti%,8Xr LH* o 17X, 1H* 98X L1He /40Xy 1H*» 12JET6660
*3Xe2(2H* Do TXelH* 210X o 1H* e 13Xy LH* o 10X 1HZ7USX e 3(2H* ) o 1UXelH*,14Xs2JETHHT70
£3(2H *)/93XelH¥ 11X 1H*/65X e LH%/ SOX9 LH*¥» 14X 1H*/65X s LH* /4T Xy 1H* ¢ 12UET6680
ATXe LH*/65X P LIHX /44X 1H*20X1H*/65X1H%/28Xe2(1He ¢ 3X) 1 5X» 1H*9 23X 1H*/292JET6690
*x02(2He ) e 33Xe1H*/30X0 1He o 7X 0 1Hx 2 26X LH®/29Xe 2(2H, ) v 32X» 1H%/28X ¢ 12JET6700

AHe r 3Xo 1He ¢ 32X LH%) 2JETHT710
STOP 2JETH720
2UET6730

1IF NO MORE JET INFORMATION IS NEEDED 60 AND FILL IN AUXILIARY JET 2JET&740
PROPERTIES 2JET6750
2JET6760

IF (KR.LT.RX(2)) GO TO 340 2JET6770
2JET6780

MORE JET INFORMATION IS NEEDED IN ORUER TO CONTINUE 2JET6790
2JET6800

60 Tu 270 2JET6810
ENU 2JET6820
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SUBROUTINE PROP (WeF,GoI)

COMMON /INPROP/ GAM,GAM1+GAM2yMsN»BCD
DIMENSION wlu)F(1)eG(1)

6(3)

G(2)

i)

F(1)

G(4)

F(2)

F(3)

F(4)

) = W(3)/w(l)

) = wWilg)/w(l)

(I1.EQeB) G(2) = 0.0

= GAML1*W(2)/ (GAM2=G(3) *x2=G(2) %x%x2)
B = GAM2%w(1)*%2/ (GAMLI*xW(2))

NV TR I IO R IR L I ]

>:G’OU‘ZC“GCTS<

G(l) = Ax(1.,0-SQRT(1.,0-B/A))
F(1) = w(1)/6(1)
Gly) = w(2)=F(1)*W(1)

GO Tu (20020030010+10s60), 1

F(2) = SQRTIF(1)*%2+4G(3) ¥%2+G(2) **2)
F(3) = F(2)/SGRTIGAM*G(4) /G(1))
F{4) = G(Y4)/(GI1)*x%xGAM)

IF (I1-4) 60,40,60
SOLVE FOR F FUNCTIONS

F(l) = =G(1)*G(3)
F(2) = =-w(3)

F(3) = G(3)#F(1)=Gly)
Fl4) = G(2)*F (1)

GO To (30.,60), I
COMPUTE © FUNCTICNS

G(l) = =6(1)*G(2)
G(S5) = 6G(3)*G(1)

Gly) = 6(2)+6(1)=G(y)
0(2) = =~wWily)

GO 10 60

T = GAM*G(4)/G(1)

PRINT FLUID PROPERTIES

WRITE (6050) MeNeGIL1)oG(4) o THFLU)2F(1)1G(3)eG(2)2F(2)F(3)9BCD
WRITE (6¢50) MoNeG(L1) oG (U) e ToF U 9F(1)sG(3)0G(2)rF(2)rF(3)
FORMAT (14eI5e1Xe9EL15.603X)

RETURN

END
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SUBROUTINE JET (wsRUVP+RHO/DReMAX1,YsRXsRRyI)

JET
JET

DIMENSION W(3080+2),RUVP(4)»DRI3) »MAXLI(3) s RX(3) o X(3)»WL(2)1W2(3,2)JET

*¥rY(3)rW3(2) e Wh(3)
X(1) LIES TO LEFT OF CROSS PLANE
X(2) LIES DOWN STREAM OF CROSS PLANE

X{1) = RX(3)
X(2) = RA(2)
X{3) = Rx(3)

I=1 CALCULATE JET VALUES CLOSE TO BQUNDARY OF JET
I=2 CALCULATE INTERIOR JET VALUES
GO0 TU (2uel10), I
STEP SIZES CAN BE DIFFERENT FOR ANY TWO JET PLANES
K1 = RHO/DR({3)+2.0
IF (Kl1eGT ,MAX1(3)) K1 = MAX1(3)
K2 = RHO/DR(2)+2.0
IF (K2.GT.MAX1(2)) K2 = MAX1(2)
It (FLOAT(K1=-1)*DR(3) .EQ,FLUAT(K2)xLUR(2)) K1 = Kl=]
60 TO 30
K1 = MAX1(3)
K2= MAX1(2)
wW2(1.2) = 0.0
DO 4u J=10»3
W HERE IS W VALUES OF JET CROSS PLANE
J IS THE w PROPERTY
K1 IS THe w POSITION
1 OR 2 IS THE W CROSS PLANE CORRESPONDING TO X
Wl (l) = wi(JrKle2)
wl(e) = wildeK201)
CALL INTRP (XeRReWlew2(Je1I))
IF (1.£G.1) GO TO 5S¢
1 =1

W3 G1VES DISTANCE FROM AXIS TO INTEGER UISTANCE BELOW RHO

w3(1) = FLOAT(K1=2)xpR(3)

IF (K1eGEMAX1(3)) wW3(1l) = Y(3)

K1 = K1+l

W3(2) = FLOAT(K2=2)%pRI(2)

IF (K2eGEMAX1(2)) wW3(2) = Y(2)

K2 = K2+1

IF (UR(2)NELDR(3)) K1 = Kl+1

IF (K2+.GT MAX1(2)) K2 = MAX1(2)

IF (K1.06T.MAX1(3)) K1 = MAX1{(3)

GO 10 30

I = ¢

w1l SAME AS W3 EXCEPT DISTANCE IS ApOovE RHO
Wi(l) = DR(3)*FLUOAT(K1=-2)

IF (K1leEQ MAX1(3)) wi(l) = Y{(3)

wl(2) = UR(2)*FLOAT(K2=2)

IF (K2 .EQ MAX1{(3)) wi(2) = Y(2)

CALL INTRP (XsRReWl,RH)

IF (Ww3(1)JNE.wW3(2)) CALL INTKP (XeRReW3ew3(1))
X(2) 1S Y DISTANCE OnN 3-D PLANE ABOVE RHO
X(3) 1S Y DISTANCE BELOW RHO

X(2) = wd(l)
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60

70
80

90

X(3) RH

X(1) RH

DO 60U J=1+3

wl(l) = watJel)

Wl 2) = w2(Jr2)

CALL INTRP (XrRHOeW1,W4(J))
CALL PROP (W4 sRHeRUVP6)
RUVP(2) = RH

FORMAT (8El16.8)

W IS INTERPOLATED W VALUES AT RHO
RETURN

1 =1

CALL PROP (wW2¢RHeRUVP,6)

GO 7O 70

ENU
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| .SIBFTC INTRPS LIST

OO0

SUBROUTINE INTRP (RyS»PyANS)
DIMENSION R(3)P(3)

R X ARRAYe» THREE ENTRIES

F Y ARRAYr» THREE ENTRIES

S VALUE 10 BE INTERPOLATED

P INTERPOLATED VALUE

X DISTANCES ARt REFERENCED TO (1)

@1 = S=R(1)
w2 = R(2)=-R(1)
03 = R{3)-R(1)

C = ((P(2AI=P{1))*Q3+(P(1)=P(3))*02)/(02%Q3%(Q2-Q3))

IF C=0 LINEAR INTERPQOLATION
IF (433.E@.0.0) C = 0.0

B = (P(2)=P(1)=C*Q2*%x2) /G2
ANS = P(1)+B*Q1+C*Q1 x%*2
RETURRN

END
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$IBMAP
*

+UNO1.
UN1ITO1

$IBMAP
*

OUNOZc
UN]TOZ

$IBMAP
*

+UNDS.
UNITO3

FILEL
JET TAPE INPUT
ENTRY «UNO1.

PZE UNITO1

FILE vB(1) READYyBIN»BLK=256+ INOUT » HOLD + HIGH
END

FILE2

CONTINUATION RUN INPUT

ENTRY JUNO2.

P2t UNITO2

FILE v8(2) READY  BIN)BLK=256+ INOUT » HOLD 1 HIGH
END

FILE3

CONTINUATION RUiv OUTPUT

ENTRY <UNO3,

PZE UNITO3
FILE ¢B(3) READY »BIN)BLK=2560 INQUT » HOLD ¢+ HIGH
ENU
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